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' Chemical Demilitarigation: Disposing of the Most Hazardous Wastes
'i *E;C;' John A. Scott

o and

Richerd Rife

US Army Toxic and Hazardous Materials Agency
Aberdeen Proving Ground, MD 21010

This country's aging stockpile of chemical warfare

(CW) munitions will eventually require safe and economi-
cal disposal. These CW munitions present a unique chal-
lenge for demilitarizaticn, since handling of both
explogives and toxic material is required. The first
full scale projectile disposual facility is presently
under design; construction will start on Johaston

Island in the sumaer of 1985. The technology developed
for incorporation into the Johnston Atoll Chemical Agent
Disposal System (JACADS) maximizes the use of automated
. equipment, provides the containment necessary to protect
: . the worker and environment, and therwally destroys both the
toxic f1ll and explosives from the CW munitions.

For several decades the United States manulactured CW munitions.
Although manufacturing was halted in the late 1960's, large quantities of
CW items remain stored in ammunition magazines at eight US Army f{unstal-
lations. Periodic inspections performed by ammunition surveillance per—

. sonnel to verify the condition of these stored items result in munitions
SN - = being placed into one of several condition codes. Whenever a munition lot
) " 18 determined to be unserviceable/unrepairable, or becomes obsolete, it 1is
=N placed into “Condition Code H", to await disposal. At this point it
. s becomes some of this country's most hazardous waste.

Munition types which make up this country's CW stockpile iaclude
bombs, rockets, land mines, spray tanks, cartridges, mortars, projectiles,
and bulk containers. Dispossal of these CW munitions presents a unique
challenge, since these items may contain both energetic wuaterials (explo-
e o sive components) and an extremely toxic fill (chemical agent). (Not all

e CW munitions are explosively configured; many munitions are stored separ-

* . ately from the explosive components.) The special hazards associated with

= chenical demilitarization operations require considerable safeguards in
order to dispose of this material in a safe and environmentally acceptable

manner .

f; In response to these requirements, the Army has developed methods and
- procedures on the leading edge of technology for hazardous waste
- disposal. '

. AR This country's OF stockpile {s 16-30 years old. The agent contained
5 within the munitions is even older. Although chemical stabilizers were
. added during agent manufacture, deterioration of the agent fill has
occurred during prolonged storage. A special study commissioned by the
Department of Defense fourd that the munition ccmponents were not experi-
- encing any metallurgical degradation; however, the study concluded that
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the agent was expected to continue to deteriorate. The study predicted S
50X + 10X of the agent would ramain in 1990. Another finding was the N
poassibility of catastrophic agent decomposition, once the stabilixer is i

depleted.l These considerations, coupled with this country's efiforts to
achieve a verifiable ben on chemical weapons, ars driving the need for
" planning for construction of appropriate disposal facilities.

CW munitions presently in storage were not designed to facilitate
their eventual disposal; eerly disposal of CW matariel was primarily
accomplished by burial at sea, the last at sea burial being Operation
Chase X, in August 1970. Rising worldwide environmental concern led the
Departuent of Army (DA) to commission a study by the National Academy of
Sciences (NAS) to investigate disposal alternatives for CW munitions. In
response, the NAS concluded “...that all such agents and munitions will
require eventual disposal and that dumping at sea should be avoided.
Therefore, a systematic study of optimal methods of disposal on appropri-
s ate military installations, involving no hazerds to the general population
g and no pollution of the environment, should be undertaken. Appropristely,
g large disposal facilities should be a required counterpart to existing

stocks and planned manufacturing operations. As the first step in this
BE $W & direction, we suggsst the construction of facilities for gradual demili-
ey - - 9 tarization and detoxification...”.2 The NAS recommendstions for chemical

' demilitarization were supplemented by DA guidance to insure absolute

t.' - safety and security rather than cost or time, maximum protection for oper-
. ‘§ ating personnel, absolute assurance of total containment of agent, and
o - coliection of incontrovertible data to justify personnel safety, security,
. and community safeguard. ' R

Chemical munitions are maincained in storage in a variety of configur-
ations: some include fures, explosive burster charges, and propellant.
Lethal chemical agents currently available for miiitary spplication
inciude mustard and nerve agents. Table 1 {llustrates the various muni-
ticns which the disposal process must handle and Table 2 provides data on
the toxic agents.

Chemical warfare agente are extremely toxic compounds that produce
lethal or incapacitating effects on man, depending upon the degree of
exposure. (Excluded are riot control agents, chemical herbicides, and
smoke and flame materials.)

The term nerve agents refers to two groups of highly toxic chemical
compounds that generally are organic esters of substituted phosphoric
acid. Nerve agents affect body functions by inhibiting cholinesterase
enzymes, permitting accumulation of acetylcholine and subsequent paraly-
s sis. Two general categories of nerve agents are currently stockpiled:
S . G agents and V agents. The G agent used in munitions i1s GB (Sarin); it is
a liquid under ordinary atmospheric conditions, with a relatively high

R vapor pressure. GB is colorless snd odorless. It is readily absorbed
N X into the body by inhalation, by ingestion, and through the skin and eyes

AT S without producing any irritation prior to onset of symptoms. It is misci-
ﬁ{' > ble in both polar and nonpolar solvents. It hydrolyzes slowly in water at
R K- neutral or slightly acidic pH, and more rapidly under strong alkaline or
SRR acidic conditions. The hydrolysis products are significantly less toxic 42!5—

o than the agent. OAR
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Table 1: US Chemical Warfare Munitions

Designarion Description Fill Explosives Propellant Fuze
M55 115mz Rocket 10.7 1b GB 3.2 b 19.3 1b Yes
or 10.2 1b VX
M23 Land Mine 10.5 1b WX 0.8 1b None Yes
M2/M2A1 4.2" Mortar 6.0 1b H/HD 0.14 1b 0.6 1b Yes
M60 105mm Cartridge 3.0 1b H/HD 0.26 1b 2.8 1b Yes
M360 105um Cartridge 1.6 1b GB 1.1 1b z.é 1b Yes
M110 155mm Projectile 11.7 1b H/HD 0.83 1b None No
M104 155um Projectile 11.7 1b HD 0.83 1b None No
M121A1 155mm Pro jectile 6.5 1b GB or VX 2.45 1b None No
M122A1 155mm Projectile 6.5 1b GB 2.45 1b None No
M426 8" Projectile 14,5 1b GB or VX 7.0 1b None No
MC-1 750 1b Bomd 220 1b GB None None No
MK-94 500 1b Bomb 108 1b GB None None No
TC Ton Container 1600 1b GB/VX/H None None No
TMU~-28 Spray Tank 1356 1b VX None None Mo
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Table 2: CW Agents: Phyeical & Chemical Properties

GB VX . HD
Chemical Name Iaoproply methyl Bis(2-chloro-
phosphonofluoridate ethyl) sulfide
Common Name Sarin - Distilled Mustard
Molecular wt 140.1 267.0 159.1
Liquid Density (25°C) 1.09 1.008 1.27
Freezing point (°C) -56° -39° 14°
Vapor pressure 2.2 .0007 .072
at 20°C (mm Hg)
Decomposition 400-560 . 700-800 149-177
Temp (°C)
LDsg (mg-min/m3) 100 * 1500
Chemical Formula CH3P(0)(F)OCH(CH3)z CH3P(:0)(0C2H5)SC2H,4 (CLCHZCH)2S AR
N{(1s0-C3H7)2 QE;;;
. ad®

*Exposure is primarily via skin penetration. Medium lethal dose is 2.5 mg
(equivalent to 0.56 mg intravaneous dose).
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-The only V agent used in munitions is VX, It is amber in color and e
odorless. A liquid at normal ambient temperatures, it has an extremely
low vapor preasure. Consequently, it is dispersed as an serosol, and
exposure i{a primarily via skin penetration. The toxicity of VX is 3~10 e
times that of GB. Exposure of either agent can result in death within AR
minutes. )
Blister agents, also called vesicants, are systemic poisons, sttackiag
the eyes and lungs and blistering the skin with either liquid or vapor R
contact. Most blister agents cause little or no pain on contact. Symp- O
toms of exposure do not usually appear for several hours. Mustsrd blister S
agents include Levinstein Mustard (H), and Distilled Mustard (HD); these .
are the only two mustard agents in munitions. R
Pure mustard is a colorless, oily liquid; impurities impart a charac—-
teristic garlic odor. It is sufficiently volatile to be effective as a )
vapor in warm weather. i
@,
As was shown in Table 1, each agent can be dispersed by a varlety of T
munitions. Figure 1 illustrates an M360 cartridge. (A projectile, bur- xf;
ster, fuze, cartridge casing, propellant and initiator comprise a car- : fa;f
tridge). Disposal poses significant challenges: el
: .
a. Safe disassembly of the explosives. E*ﬂ
b. Disposal of the removed explosive components and prqpellants. ?fé;
c. Accessing the agent cavity. T
e
d. Disposal of the toxic agent. 0
e. Disposal of the munition bodies. :
f. Disposal of the process generated wastes. ;aﬁ:
In addition to these censiderations, DA has established criteria for ﬁi;
the storage, tramsportation, and disposal of CW materiel. Thesge criteria o
address the following areas, and influence selection of disposal alterna-~
tives:
a. Restrictions on total quantity of explosives within the process :fif
structure. : °
b. Agent emission limfitations.
¢+ Process effluents standards.
d. Personnel safety requirements. ;Q:
In September 1979, the Chemical Agent/Munitions Disposal System
(CAMDS) at Tooele Army Depot, Utah, became cperational. This $67M proto-
type plant serves as a test facility to evaluate alternate processes for
possible incorporation into future large scale production CW demilitariza- :
tion facilities. L
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The first of these production facilities is currently under dasign;
EXERNORS start of construction is scheduled for the summer of 1985. The facility
SO is to be built on Johnston Island, one of four small land bodies that mske
. up Johnston Atoll (JA), loceted 717 nautical mile¢ west southweet of
Honolulu, Hawaii.

JA is an unincorporated US possession under joint management by the
Defense Nuclear Agency (DNA) and the Department of Interior (DOI). John-
ston Island, the largest body in the Atoll, is approximately 2 miles long
and 1/2 mile wide, and covers 630 acres. The Atoll is both a wildlife
refuge monitored by the Fish and Wildlife Service, and a contingency site
maintained by DNA for resumption of above ground nuclear testing.

The CW stocks stored at JA came originally from Okinawa in 1971 as a
result of their prohibition from being returned to the United States by
Public Law 91-672.

When DA gave direction in March 1981 to initiate planning for disposal
of the Code H munitions on JA, environmental congiderations were given
priority. A public scoping meeting was held in Honolulu, HI in June 1983
and a final EIS published in November 1983. Of the viable alternatives,
construction of a state-of-the—art disposal facility on JA was determined
to offer the best soluticn. The technology selected is that being demon-
strated by the CAMDS prototype facility.

The key elements of this technology are {illustrated in Figure 2 and :j'
e provide the bagiszs for design of the JACADS process and facility. The site R
il laycut is showm in Figuve 3. SR
A W ®

The overriding facility criteria is agent containment. By maintaining
negative pressures within the facility, agent contailnment is provided for
all processing steps. The resulting ventilation air is scrubbed by redun-
dant charcoal filters as illustrated in Figure 4. These filters are
99.99999% efficient in removal of agent prior to discharge of ‘he ventila-
tion air to the atmosphere. Containment of both the overpressure and
Eragments resulting from an accidental detoration is provided for those
process steps involving explosively configured munitions. This total
containment i8 accomplished by use of a reinforced concrete structure
contained within the fazility. Blast valves and containment dampers iso~
late this structure from the rest of the facility in the event of an acci-
dental detonation. :

The specific process steps and equipment required for demilitarization
are a function of the munition type. Generically, all mwnition types fall
into one c¢f three catregories:

a. Rockets and Mines. These thin-walled munitions are processed
without removal of their explosive components.

b. Projectiles and Mortars. Removal of explosives from these heavy-
walled munitions is the first processing step.
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Perspective View of Site - Johnston Atoll
Chemical Agent Disposal System
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c. Bulk Items. This category includes bombas, spray tanks, and ton
containers; they do not contain explosives in their storage configura-
OO tions.,

o oL Yor all three wunition categories, the demilitarisation procesas

el » involves two distinct opsratiovns: preparation for thermal treatment, fol-
= lowad by thermal processing; -agent destruction (e accomplished by incin-

eration.

The JACADS facility has been designed with the capability to process
all three munition cataegories. The primary process facllity comprisas
67,000 8q ft on two levels. The asecond floor houses the equipment
required for preparation of the munition for thermal processing whilas the
process’'s four furnaces are located on the ground level facilitating grav-
L ity feeding of munition components into the furnaces. The four process
s S furnaces: the liquid incinerator, deactivation furnace, wetal parts furan-
s : ace, and dunnage incinerator, are the heart of tha demilitarization opera-
tion. The following paragraphs discuss the role of each of these furauces
in the disposal operations.

j}? . Chemical agent, drained as a liquid from all munitions and pumped to

SR intermediate holding tanks, is incinerated by the liquid incinerator.
- The liquid inclaerator has been designed with the capabilities shown
. ' in Table 3.
" ; Table 3: Incineration Rates
T 1bs/hr
e " ‘7 GB 1050
N 8 12.¢ 700
e N Mustard 1330
S .- X : Decontamination Solutions 2000

Agent pumped from the intormediate holding tanks is atomized by a

:;fﬂ;;‘,; spray nozzle into the primary chamber of the two chamber furnace. The
oy - 2 resultant combustion products are further incinerated in the gecondary
N fume .burner. The following incinerator criteria has been established for
TZZf__ X the 1liquid incinerator:3.
B - ' Table 4: Agent Incinerator Criteria
- Primary Chamber Fume Burner
f%}f., ’:; Burner Zone Temperature 2500-3500°F 250G~3500°F
™ ',u» Secondary Zone Temperature (avg) 1800-22C00°F z2000°F
: vﬁ Residence Time 2.0 sec «5 sec

; R
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In the design of an agent incinerator, the overriding criteria is
destruction efficiency. Table 5 illustrates the degree of destructicn
required for each agent.

Table 5: Agent Incinerator Destruction Requirements (200X Excess Air)

Roquitod \.‘_',:::

ent Discharge Std Lng/n:’) Destruction Efficiency (X) ';.::.:.‘j

S

GB 0.0003 99.999999 N

2

vX 0.00003 99.9999999 L

B 0.03 99.99995 e

Disposal of the munitions' explosive and propellant components is S

P accomplished by incineration. FEnergetic material is fed into a deactiva- + @
""' N tion furnace system. Bursters and rocket propellants are preprocessed

_;. Y through a mechanical shear. This shear reduces the size of the material

R 3 and exposes additional surface area to facilitate controlled combustion
2O : rather than detonation. Fuzes, booster pellets, and supplementary charges VT

o N are fed to the furnace intsct. L al
L. - E“.

e 8 The Jdeactivation furnace consists of a steel rotary retort kilm, oper- S

ated at 1200°F, and a heated discharge conveyor, operated at 1000°F. T
Residence time of the explosives inside ths retort ie approximately 12 e
minutes ~ sufficient to allow complete burning of all energetic material. Ry o o

; ] Upon exiting the retort, the non-combustible components travel on the SR .____.
] ' heated discharge conveyor for an additional 15 minutes to insure complete 8 - @
| thermal decontamination of any residual agent. The deactivation furnace PRI

- i system is capable of processing approxiaately 500 lbs/hr of explosives. R
The exhaust of the deactivation furaace exits throuch a blast attenua- e

tion duct prior to entry inrd> a secondary fume burner. The secondary fume ‘____:

B burner has been designed to the same criteria as the liquid incinerator w9
w2 afterburner. The deactivation furnace room has been designed to provide ' AN
- O, containment of all fragments, overpressure and agent in the event of a :j.::'_'-:'

detonation during the incineration process. N

In addition to the agent and explosives, the munition metal parts
constitutes a third category of hazardous waste. Metal. which has been in ' o
contact with liquid agent has been shown to release agent vapors when
subjected to elevated temperatures, even after the metal has been chemi-

. cally decontaminated. For this reason, all metal parts are thermally {

y ) decontaminated to a criteria of 1000°F for 15 minutes prior to discharge R
- - from the process areas. Since rockets and land mines are processed with- h‘
‘ . out removal of their explosives, metal parts from these munitions are ]
s A decontaminated in the deactivation furnace system concurrent with inciner- C
-~ R ation of the energetic material. Metal perts from projectiles, mortars, O
L}:::, g and bulk items are processed through a separate metsl parts furnace system AT
\:»'- . for thermal decontamination. This modiffied roller hearth furnace 1is A
e THRENN
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designed to process metal parts through the furnace on reusadble 3' x 10°
trays with a residence time of spproximately 60 minutes. The throughput
rates of this furnace are a function of the munition types, as shown in
Table 6.

Table 6: Munition Peak Proceseving Rates

Munition Type No./Hour Lbs/Hour (Metal)
103 181 5800
4.2 178 3200
155 90 8100
8" 47 8700
Bombs 2.4 1200
TCs 1.66 2600
Rockets 60 -
Mines 72 -

In addition to the decontamination of metal parts, this furnace has
been designed to incinerate a residual agent “heel” of 5% by weight of
the agent fill of each munition. Exhaust gases from ths decontamination
chamber of the metal parts furnace are incinerated in a secondary fume
burner.

The fourth furnace system within the demilitarization facility is the
dunnage incinerator. This incinerator is designed to burn all process
duanage including agent contaminated wcod, woocden pall¢ts impregnated with
PCP preservatives, contaminated protective clothing, and other packaging
materials. The combustion chamber is s refractory lined incinerator oper-
ated at spproximately 2000°F. A ram feed processes materials into the
furnace, simultaneously discharging ash from the opposite end. A secon—
dary fume burner assures complete incineration of all hydrocarbone. The
incinerator has a throughput rate of approximately 1000 lbs/hour of com=
bustible dunnage. Although all furnaces are fired by No. 2 fuel oil, a
substantial portion of the heat input is provided by the combustion
products. Table 7 shows BTU's/hr from combustion of the waste inputs.
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Table 7: Incineration Combustion Rates ;:3; 1
BTU's/houx SRR
Liquid Incinerator GB 9,580,000 R
VX 9,331,000 LR
| 9,520,000 e
Deactivation Furnace Explosives 993,000 NI
Propellant 3,185,000 N
A
Ducnage Incinerator Wood 8,000,000

Bach furnace system has an independent pollution abatement systea
designed to scrub the products of combusticn. Primary products of com
bustion ere shown below.

N ol S R
s a4 LA

GB: C0z, H20, P20s, HF - l'-;.._i_A

vX: NOx, P205, S0, CO2, H20 '-"':EZ

Mustard: €02, SOz, HC1, H0 , ;

In addition, impurities in the agents result in trace quantities of ‘ H
heavy metals in the furnace exhsust. o ‘.-“."_-".j',-'.:j

Figure 5 illustrates the basic pollution abatement system; similar x
systemg are utilized for three of the four process furnaces. The iacin- et S
erators have been designed for compliance with applicable RCRA (HC1 and [ J SR
particulate emissicns) and Clean Air Act requirements. The exhaust of
the secondary fume burner is drawn through the pollution abatement system
by an induced draft fan. The quench reduces the afterburner exhaust to
approximately 200°F and resulta in adiabitic saturation of the effluent
stream. Eighteen percent caustic solution is used as & quench media to
assure neutralization of any acid gases condensed in the quench. The
high energy veaturi is a variable throat wventuri with an approximate 40" L
WG pregssure drop designed to provide 997 efficiency in removal of par— Ny
ticulate larger than 0.5 microns. The counter-flow caustic scrubber uses
stainless steel pall rings to scrub remaining acid gases. Mist elimin- )
ators are used primarily for removal of P205, but also to entrain partic- RIRO

ulate not removed by the venturi. The mist eliminators have been el
designed with a counterflow acid wash to prevent plugging by small par— ..,_!_.

ticulate metal oxides. R

Liquid effluent from the pollution abatement system is discarded when N
the specific gravity reaches 1.08 - 1.20, depending upon the agent being el
processed. Excess water is evaporated from this effluent yielding a ERS
waste salt suitable for landfill. - -

ENE

[N

While the furnace system is the heart of the demilitarization system, ;—::j:ff:{
the control room is the brains. With the excepticn of the munition input e
and residue removal, the demilitarization operation ie totally automated ‘;':\.
and controlled from the control room. B . ot
o .::'.' 7:.
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Munition processing is accomplished by machines designed and built
for specific chemical demilitarization operations. This equipment
includes: the Rocket Shear Machine for shearing rockets and explosivss,
the Projectile/Mortar Disassenbly Machine for rsmoving explosive compon-
snts by reversing the asseambly procees, the Multipurpose Demilitarization
Machine for draining agent from projsctiles and mortars, and the Bulk
Drain Station for punching and draining bombs, ton containers, and epray
tarks. Robots are used for wunition handling within tha process area.
Process information is continually fed to the control room for computer
_ analysis. The control room operators are provided with closed circuit
yﬁﬁ;,f.'_ television to facilitate monitoring of the process flow. Addicionally,
- observation corridors surround the process area, allowing for direct
. viewing of these areas, if needed.

o Although the demilitarization equipment has been designed to preclude
: the requirement for operators in the process area, parsonnel entry is
required to affect maintenance or repairs. Maintenance personnel enter-
ing agent process areas are protectad from exposure to chemical ageants by

the Demilitarization Protective Engemble shown in Pigure 6. This air
supplied protective suit was developed specifically for chemical demili~-
tarization operations. In addition tc the air supply umbillical, the .-
suit is provided with a backup self-contained respirator for emergency .
egress in the event of a loss of supply air. e

In use, the worker is heat-sealed into the dispossble chlorinated

polyethelene suit and a helium leak test it performed to insure a com- AR
- plete seal. Personnel eatry into toxic areas requires at least two indi- ROEAESANA
el - viduals and visual contact must be maintained betwen the workers in any << F :
T _ one area. Each worker in the protective ensemble can communicata with
oA the control room and cother personnel via an RF communications system.

N Normal clothing for workers in the noncontaminated areas of the 4
EoS ¢ facility is cotton coveralls. Each worker carries a protective gas nask
. which can be donned in tha event of an agent alarm or process upset. The t:it
differential pressures within the facility have been designed to prevent
migration of agent into noncontaminated work areas. These differential
room pressurss are constantly monitored by the control room.

All work areas, the control room, and furnace and filter exhausts are ﬁ_;}
continually monitored for agent during operations. The primary agent . r ®

aocnitor used is the Automated Continuous Agent Monitoring System (ACAMS) A
developed for demilitarization operations. The ACAMS is an on-line auto- e
mated gas chromatograph capable of specific identification of the chemi-
3 - cal agents at concentrations less than the allowable work area limits

R established by the DA Surgeon General as listed in Table 8.

Table 8: Allowable Work Area Concentrations (Time Weighted Average)

GB .0001 mg/m3 :

VX .00001 mg/m3 33.:;131;5:2

i{ 002 mg/m3 L'A %

S
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As shown in Figure 7, the ACAMS includes a preconcentration tube, a
GC column, and a flame photometric detector. In operation, sample air is
drawn through the preconcentrator tube for a predetermined periocd. At
the end of this period the sampling is interrupted and the preconcentra-
tor tube 1s heated. A counter-flow carrier gas desorbs any agent accumu-
lated in the preconcentrator. The desorbed sample is drawn through a Gas
Chromatograph column designed to separate the sample constituants prior
to introduction into the flame photometeric datector. The ACAMS is con~
trolled by &n internal microprocessor and provides both an analog and
digital cutput. The output is displayed locally as well as transmitted
to the control room.

Data from the air monitors provide a permanent record of plant emis~-
sions as well as a record of the potential for exposure of personnel to
agents. Additionally, rsutine medical examination of plant personnel is
used to monitor indications of agent exposure.

Subsequent to the termination of ocean disposal in 1970, the Army has
disposed of over 15,000,000 pounds of CW agents, The procedures and
equipment developed and being implemented by the Army have demonstrated
that disposal of even the most hazardous waste can be accomplished safety
with minimal impact to the environment.
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SUMMARY

Background

Recovery of Explosive D incidental to demilitarization of munitions
by a hot water washout technique planned for use at the Western Area
Demil{tarization Facility (WADF), results in piating of process piping
and equipment with explosive crystals as the Explosive D slurry coels.

The solidification and plating of process equipment by Explosive D
crystals would create serious operational problems and present a
hazardous condition during dissassembly and repair of equipment.

The Ammunition Equipment Directorate (AED) of Tcoele Army Depot, was
tasked by the U.S. Army Armament, Munitfons and Chemical Command (AMCCOM)
to develop a process to prevent Explosive D from solidifying and p1at1ng
onto the surface of process equipment and piping.

In adaition, the WADF protesses would possibly tnvolve the mixing of
explosive D with traces of other explosives from previous operations,
resulting in a number of associated hazards:

1. Explosive D, and its parent compound, picric acid, corrode
metals, forming picrate salts of those metals. Such salts are much more
sensitive to detonation than the original explosives.

2. Some explosives are compounded or compiexed with Explosive D,
praducing more sensitive materials.

3. Chemical reactions of Explosive D with other explosives may
generate excess heat, thereby causing a fire hazard.
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Research Approach

Reports of past work in the industrial, academic, and military
communities, were searched by AED. This resuited in the followiiug
setection of methods for further considerations.

1. Suspension in a gelling medium
2. Solid dilution

3. Solvation

4. Chemical conversion

5. Catalytic conversion
6. Electrolytic reduction

Laboratory work and analyses indicated that the methods of
solvation and chemical conversion of Explosive D/water slurry were the

most feasible avenues to fellow.,

Scope and Pdrameters

With the direction of the effort determined, the project scope was
expanded and redefined by AMCCOM to include the foilowing parameters for
the process and the resulting product:

1. The product must be proven stable for a minimum of three months,
with a one-year stability being desirable.

2. The product must be combustible, with no hazardous products of
combustion being formed that would be harmful to people or the
envircnment, in compliance with EPA regulations.

3. The product and the residue from evsporation of the volatiles in
the product should be no mnre sensitive to detonatinn than Yellow D
itselr.
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4. The product and its residue must be compatible with all
materials contacted during processing, transporting, pumping, and
dburning.

.
tav m"'\
Ve Y %

o

5. The product must not plata equipment with solid or form any
precipitate during processing or storing, at any natural temperature that
may be erncounteresd.

6. Compiate parameters should be provided for the process,
including chemical conversion, handling, transportation, storing, and
burning at WADF.

7. A standing operating procedure must be provided.

8, Any undesirabie impact on WADF facilities must be minimized.

Results

The chemical conversion process, consisting of a weak base reaction
using n-hutylamine and alcohol, appesred to provide the best results icﬁﬁy
within the parameters dJdefined. A pilot plant with a maximum batch
capacity of 65 los of Explosive D was fabricated to test the process and
evalyate the pruduct within the parameters.

7

The best process tested was a reaction of Explosive D/water slurry
with n-butylamine for one to three hours at 70°C, procucing a brown oily
1inquid. Addition of methanol reduccd the viscosity, increasing the
pumpability of the liquid.

The resulting product has the foilowing properties, as shown by
various tests and analyses.

1. The liquid product is stable in storage {no precipfitation or
plating) as demonstrated by observation during 3.5 months of storage.
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2. The liquid product does not dotonate in zero gap tusts.

3. The 3011d residue after evaporation of volatiles from 3-week old
product is approximately 30% less sensitive than TNT or Explosive D.

4. The Y1guid product can be burned {n a furnace as a fuel while
producing effluents that are in compliance with EPA regulations.

5. The liquid product, and 3olid residue afier evaporation of
volatiles, are compatibie with materials rocommended for use in
prucessing, handiing, and storage equipment over a tempcrature rarige of
-20°C 1o 70°C.

6. The l1iquid product remains liquid and does not plate s¢lids onto
equipment surfaces over & temperature range of -20°C 2o 70°C.

Independent Evaluations

Picatirnny Arsenal corducted independent eviluations of the process,
and of the sensitivity of the product. Toxicology tests of reaction
materials and the resulting 1iquid conversion product were cunducted by
the 4.S. Army Environmental Hygiene Agency. The liquid product was
insensiiive to detonation and showed no more toxicity than the starting
components. Effluent gases from hurning the iiquid product were analyzed
by Brigham Young University, showing that NOy was near zero and CO was
about 1%.

Application

Engineering paramcters have been developed by AED for application of
the process to the hot water Expiosive D washout system at WADF. The
vroposed process equipment can be incorporated at WACF with minimal
impact on existing tacilities and equipment.
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Conclusions

This project has been completed with all specified parameters having .
been met. The chemical conversion process for Explosive D/water slurry, g
developed by AED, produces a stable, insensitive, 1iquid product that
eliminates the plating problems of Explosive D washout, and burns as a
fuel in compliance with EPA regulatiens.

- TR S ow T

Engineering parameters have been developed for the designing of
process equipment that can be installed at WADF with minimal {mpact on

existing facilities.

MV v s e~

Recommendations

It is recommended, if no other ecologically viable methods exit for
the disposal of Explosive D, that this chemical coaversion process
be applied at WADF or other demil location for the disposal of Explosive
D/water slurry, '

ede s
.

LN ).';‘n’ -.‘ 'f’.‘
e ¥

In addition, based on the Explosive D project just completed at AED, QEEE;
it is suggested that the following aspects of Explosive D and related
explosives be investigated.

e e - o

1. The dewatering system must be perfected in WADF equipment before i
this final process is applied.

. 2. A fuel injection system should be developed for the introduction |
» of the Explosive D conversion product into existing furnaces at WADF.

3. Consideration should be given to the recovery of the ammonia gas
evolved during the chemical conversion process for use in producing a
useful by-product such as fertilizer, or for use in reducing poliutants
in the incineration. | i
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4. Further analytical work should be conducted to determine the
potential hazards of metallic impurities found in washed-out Explosive D,

to fdentify the degradation products of the converted Explosive D as it
ages, and to elucidate the mechanisms of degradation,

5. The possible conversion of other explosives to fuels should be
investigated on the basis of principles developed in this project.

6. AED could provide consultation on the design of the process
equipment, 1f this process is used at WAIF.

7. Additional in-vitro and in-vivo tests should be conducted to

observe the long-range toxicity and mutagenic properties of asmonium
picrate and the Explosive D conversion product.

¥
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INTRODUCTION

r
i

Background

Waste explosives (TNT, RDX, Comp B, Explosive D, etc.) are
continually generated by the United States Military during the
manufecture of explosives, the loading and assembling of munitions, and
during the demilitarization of unserviceadle or obsolets bombs,
projectiles, and other munitions.

The main methods currently employed by the United Statds Military
for the disposal of waste explosives are: (1) open air detonation, (2)
open air burning, (3) washout, and (4) incineration in specfally designed
furnaces.

In the past, such demilitarization procedures were considered as
cost effective and timely methods for the disposal of waste explosives.
The once largely manual demilitarization operation of the past was
considered attractive due to inexpeniive iabor and operating procedures. AT

A
ot
-, éi »

This 1s no longer true with the current high labor cost, and expenses
associated with the safeguarding of operators from undue exposure to
explosives. Futhermore, 1{ttle consideration was given to potential
environmental effects. Currently, both the government and the public
have come to realize that such disposal methods contribute, however
minutely, to the overail environmental pollution probles.

In response to the environmental protection laws which have been
enacted, e.g., the Clean Air Act, the Resource Conservation and Recovery
Act, and Toxic Substances Control Act, the U.S. Navy formulated and
proceeded to construct a waste explosives disposal facility. This
disposal facility, the Western Area Demilitarization Facility (WADF) now
located within the Hawthorne Army Ammunition Plant, Hawthorne, Nevada, is
designed to process small caliber munitions as well as large tonnage
bombs, projectiles, and mines loaded with high explosives such as TNT,
RDX, Comp B, A-3, and Explosive D.

880
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Demilitarization and Disposal of Explosive D

A survey of the JCAP inventory showed that u large quantity of

;{g i_ }. Explosive D 1oaded munitions has been marked for demilitarization and
0% . : R 3

of, & disposal. Accordingly, WADF plans to disposa of over 147,000 pounds of
?:;' . Explosive D munftions.

. The dewilitarization and disposal cperations for Explosive D

S - (Yellow D or swmonium picrate) are conducted at WADF in five major
R process buildings and facilities. Hereafter in this report the terms

Explosive D, Yellow D and amonium picrate are used interchangeably.

. [

P R JE T
5 s RFRAAT TR
2"t *y "5 , =

The munitions are received and unioaded at the Off-Loading Dock
Building, and then transported to the Preparation Building where thay are
defuzed and disassembled. The munitions are ther transported to the
South Tower of the Washout Building where the explosive is removed from
the munitions using the high pressure hot water washout technique. Refer
to Figures 1 for the general layout of WADF.

The Yellow D/water mixture removed from the munitions is allowed to flow
by gravity from the washout chamber or the washout tabie 1nto a heated
storage tank where the mixture is mechanically stirred. From the storage
tank the explosive slurry {s transported to the Bulk Explosive
Preparation Building by driverless transporter.
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when other explosive/water mixtures such as TNT/water or
TNT-RDX/water {produced by the steamout process in the North Tower) are
delivered to the Bulk Explosive Preparation Building, further processes
are required to maintain appropriate explosive/water ratio ‘and particle
size. The Yellow D/water mixture, however, when delivered to the
building from the transporters, by-passes these additional processes and
is introduced directly into the slurry tank, from which it is pumped to
the feed tank.

The slurry is pumped to the incineration Facility where it is burned '

in two rotary kilns, each of which require approximately 263 gallons of
No. 2 fuel oil for each 1,000 pounds of Yellow D burned.

A1l aspects of the demilitarization and disposal operations, from
the unloading to the burning, are controlled remotely by operators in the
central building where they are protected from the possibility of
detonations.

Definition of Probiems

R AL N
- - .. . . - .l '-
0 '_'-\‘_‘- ’.A\‘u »‘.'-:.\ e . RN N
LSRR L S, R R RN N, ,

..... e
N N e e

The Yeliow D solution produced in the washout operation costs the
process equipment (valves, pumps, drainage system, etc.) with a layer of
explosive solid (see Figure 2). The fouled process equipment must then
be dismantled carefully and cleaned or disposed of by incineration in a
furnace which is specially constructed to handle the
explosive-contaminated equipment.

Process failure is explained by the chemistry of the Yellow D/water
solution. When Yellow D is initially washed out of the munitions, it is
partly an aqueous solution and partly a suspension of solid Yellow D.
However, during the subsequent operations of transporting, mixing, and
pumping, the temperature of the solution is lowered through conductive
heat losses, which drives the dissolved solid out of solution and plates
Yellow D on the equipment. Figure 3 shows this relationship of Yellow D
solubility with temperature.
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Furthermore, a number of associated explosion hazards exist from I
potential chemical reactions of picrates with other explosives or with fijzg igi
contact materfals, as described by the following examples. ) S;;

1. A small amount of metal and magnetic material, in the form of }@ﬁ
chips and powder is present in Yellow D recovered by the wash-out gﬁg
process. Yellow D and its parent molecule, picric acid corrode many hﬁi
metals, forming picrate salts of those metals. Some such salts are very -9
sensitive to detonation and are strong enough explosives to detonate wet $j§
TNT or picric acid. Some metals are attacked more readily by picric acid ;iﬁz
and others more readily by Yellow D. Metal oxides and salts react with Ei;
Yellow D more quickly than metals do. Iron, nickel and chromium are gg:

major components of stainless steel. Sodium, potassium, calcium,
magnesium and barfum are present in concrete. Copper, zinc, tin and lead
are present in plumbing fixtures and electrical parts. Industrial N
literature recommends the use of copper, tin-plated steel, or stainless EEE
steel equipment, because of their relative inertness to attack by picric
actd.1,2,3

7
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. F oz e 3 oE
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. If equipment is used to handle several kinds of explosives as i:::’
planned at WADF, an additional hazard exists. Some explosives are
compounded or complexed with metals, metal oxides, or with metal salts.
Traces of such residues present in hard to clean parts and in
microfissures of the metal-crystal structure of process equipment can
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IKaye “Encyclopedia of Explosives and Related Items," 8, 9. s
2Urbanski, “Chemistry and Technology of Explosives.“ ‘igg
INote the extreme sensitivity of the first four items in Table 1. j%tf
Lo

. ‘s

886 o




Lt i el 4 ped & o )
PRI AT A AR S N AR RO SR PRI i R L AR i U Sl st Al Wl el Wt W8 e £ b I dadow At e S I Ry

then become exposed to Yellow D in subsequent operations. The products
of such compounding and complexing would be more sensitive than Yellow D

itself. A sensivity 1ist of some representative picrates is given in
Table 1.

3. Yellow D mixed with some other explosives wmay not only become
more sensitive as mentioned above, but may undergo chemical reactions
which would generate heat, thereby causing a fire hazard.

4, Explosive D 1s normally about as sensitive to detonation as TNT.
As the ammonium salt of picric acid, Expiosive D has a more sensitive red
form, which exists in crystals whick have more than a 1:1 molar ratio of

ammonia to picrate.
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TABLE 1

Picrate Formation And Sensitivity4,5,6

Lead picrate Highly sensitive - about li{ke
mercury fulminate!
Iron{Iil) picrate Highly sonsitive - about 1ike PETM!

Cobalt picrate Highly sensitive! ‘

Ni&kel picrate Highly sensitive - between MF & Tetryl! };f'”jf
Chromium picrate More sensitive than TNT (multiple hydrates E: -
: less than INT). e
Barimm picrate S1igktly more sensitfve than TNT. 73
Copper picrate About as sensitive as TNT, more or less e
depending on type of test, forms with iﬁjﬁlg
difficulty QSRR
Manganese picrate  Slightly more sensitive than TNT. ik
Zinc picrate S1ightly more sensitive than TNT. SR
Cadmium picrate S1ightly more sensitive than INT. ti;}j}j
Calcium picrate Sightly more sensitive than TNT. SN
Magnesium picrate Sensitivity not given. oy i
iron(II) picrate Abcut as sensitive as TNT, -7 &é%???
Picric acid About as sensitive as TNT, more or less ,~ff;f
depending on type of test. ; ;E:fjﬁ
Sodium picrate Stightly less sensitive than TNT, ;;i;j;
Potassfum picrate Slightly less sensitive than TNT. E4%7:7
Ammonium picrate Slightly less sensitive than TNT. ;;if’f

Aluminum nicrate Sl1ightly less sensitive than TNT, forms with Zfl
| difficulty. s
Yin picrate Not listed. Tin is inert to picric acid. ,1&,,,
Statnless steel Inert to picric acid. Microscopic crystalline R

stru.ture reactivity to picric acid not given.

4,5,65ee reference 1, 2, 3, and other work of Kaye and Urbanski.
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Objective and Limitations

In Seotember 1980, the Ammuniition Equipment Directorate, Tooele Army

B

Depot, was tasked by the US Army Armament Mata~iel Readiness Command
(ARRCOM) to develop a process which would eliminate the solidification E
and plating of Yeliow U on process aquipment. ﬁ
h
"}
As work progressed, it became apparent that the solvation/conversion &
processs of Expiosive 0/water slurry was the most promising solution to t
the problem of solidification and plating of Yellow N. Therefore, the iy
objective of the project was redefined and sxpanded to include additional E
engineering parameters 11s ed below. g
1. The Yeilew D solvition/conversion product, hereafter refcered to
as the conversion product, must be proven stable for a period of at least .
three months, with a one yoar stability being desiranle, f
2. The conversion product must be combustibie, and its residue from ?
evaporation of volatiles should be no more sensitive than Yellow D :
itsel f. #
.
3. Characteristics of the conversion product, and the process ;
equipment design should assure that emissfons from burning comply with 3
EPA regulations. t

4. The conversion product and 1ts residue after the evaporation of
volatiles should be compatible with all the other materials contacted :
during the processing, transporting, pumping, and handling operations, 5
regardless of the concentrations experienced in the solvation and '
coaversion process.
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5. The conversicn product must be stabie without soiidification at
storage temparatures down to -15°C (-5°F). The temperature was chosen to

be much Tower than the observed low uf 8°F during 1981-2 at Hawthorne,
Nev,

6. Under ambient and process temperatures, the conversion product
must neither plate-out on the equipment nor form any precipitate during
any purt of the processing or handling operations.

7. Process parameters for the Engineering Effort (pilot plant II)
should be provided.

8. A complete Standing Operating Procedure shouid be provided.

9. The process developed &5 a result of this project should not be
so radical in nature that implementatisn would interrupt or alter the
extsting facilitics, or depart drastically frem the basic demil/disposal
concept that has already been adopted at WADF. Rather, the project RSN
should proceed with a plan that will solve the probiems by utiiizing the 1&:§V
existing operationai flow and process equipment.
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SO Scope 0f Projent -
:
The scope of this project expanded as the work progressed to include *
2\ the following: :
1. A literature search should be carried out to review past work \
related to the soivation and conversion reactions of polynitro aromatic :

compounds such as Yellow §), picric acid, and TNT.
.,,. - 2. Laboratory work shouid be conducted to verify the results .
' reported in research literature and to formulate new approaches concering f
the solidification problem of Yellow D. 1
- § L
3. A pilot plant study should be made to gather further "
_-;.: . engineering data, and to manufacture sufficent products for sensitivity :
R and toxicity tests. :
=3 (o 4, Combustion tests should be conducted to determine the -

N P B end

- L 3 combustibilty of the product in existing demilitarization furnace and in |
R : other systems such as steam generating boilers or gas turbine engines. .
. "
< P :
-Z:-: 891 :
-~ tn
i

- W,
101 T RS




L o T T & T T T, T S LV R W T T v

TECHNICAL DISCUSSION

Introduction

Based on the objectives outiined within the scope of the original
tasking, a general 1iterature survey was initiated to review what
research and development had already been published. This was followad
by the formulation of possible experimental approaches. The laboratory
work was conducted at the chemical testing facilities at the Ammunition
Equipment Directorate, Tooele Army Depot, Tooele, Utah and at 8righam
Young University, Provo, Utah.

Results of the experimental work indicated that a solvation/conver-

sion method was the most promising approach, in that 1t gave a final
product which met ali the requirements outlined in tha project tasking.

This conclusion 1ed to the development of a two-phase pilot pilant

furnace designed and fabricated by AED to determine the feasibiiity of
using the product as fuel. Preliminary effluent gases did not contain
harmful pollutants.

engineering study. Both pilot plants, phase I and phase Il were designed Eﬁfgfg
and fabricated by the Ammunition Equipment Directorate (AED) and N
installed at the chemical testing facility. The first pilot plant was T e
designed to process 25 pounds of Yellow D, and the second was a scaled-up < g:;;:
and more sophisticated version with a 65-pound Yellow D processing 5;413;
capacity. f:;;if
Gl

Test reactions were conducted to gather data from which engineering {::ji:
parameters could be developed for application of this project at WADF. ifﬁfﬁf
Hazard and safety studies were conducted by 2ppropriate agencies to Q}Efiﬁ
ensureé the safe handling of the reaction products. To complete the i7ffﬁ
required task, a burning test of the products was conducted in a simple i;;!ﬁ
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LITERATURE

Literature Survey

The literature search for information pertinent to the task of this
project was conducted among military, academic and industrial
pubiicaticns of past work. No articies dealing directly with the
speci fic subjects of solvation, neutralization, or reduction of Explosive
0/water slurry were found. Howaver, many articles, which treated the
behavior of polynitro aromatics having chemical structure similar to that
of Explosive D, were helpful in formulating the experimental approaches
to be considered.

References which pertain more specifically to reactions of amines
with picric acid and picrates are reviewed later in the weak base
reaction section of the chapter on experimental work. Topics of nitro
and polynitro aromatic compounds in general are reviewed and discussed in
the following order: (1) complexing, (2) reduction, (3) catalytic
hydrogenation, (4) degradation reactions, (5) nucleophilic substitutions,
(6) reaction mechanisms, and (7) summary of 1iterature survey. For
further details of these surveys, see AED Report No. 23-82, Yellow D
Solvation Conversion Project, Final Report, August, 1982, by Ammunition
Equipment Directorate, Tooele Army Depot, Tooele, UT
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Summary of Literature Survey
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The 1iterature survey showed that polynitroaromatic compounds do
react with alkalfes by nucleophilic displacement and substitution of the

nitro groups, which are the groups responsible for the explosive nature
of such compounds.

irwesmw v

TLYETRELTY

> v

Sufficient analytical work was cited to verify that the alkaline
conversion proceeds through fonic transition states such as the

Meisenheimer complex.

The reaction products of nitro compcunds and alkali are generally
more soluble in hydroxy and amino solvents than in other common ‘
solvents. E

AERPRF PR 2t ARG

Even mildly basic alkalies such as organic amines react with K
nitroaromatics to destroy their explosive nature by difsplacesent,
substitution, complex formation, ring cleavage, and degradation. R
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EXPERIMENTAL WORK

Introduction

Two basic approaches were taken to solve the disposal problem of
Yellow D/water slurry. The first methods considered would alter the
explosive/water mixture physically by adding a solubilizing agent or
diluent which would not change the explosive chemically. The second
method studied would alter the explosive chemically. Chemical
conversions of Yellow D would yield a more solubie but less sensitive
product. The conversion product must be easy to transport, safe to burn
in existing rotary kilan furnaces at WADF without producing harmful
emissfons, and must remain in solution even at low tewmperatures. The six
specific methods that were considered during the experiwental work are.
1isted below.

1. Suspension Method: Addition of a gelling agent to the Yellow
D/water slurry to keep the Yellow D in suspension, enabling the slurry to
be processed and transported without sedimentation and plating-out.

2. Solid Dilution Method: Addition of diatomaceous earth or other
diluting mediums to the Yellow D/water mixture while hot, to produce a
slurry with Tow explosive density or a cake which can be burned safely.

3. Solvation Methed: Dissolution of Yellow D/water mixture in an
appropriate organic solvent or a combination of solvents, retaining the
fellow D in a true solution which can then be transported by pumping 1t
through the process system or by using the transport tankers.

4. Chemical Conversions: Conversion of Yellow D into a combustible
but less sensitive product, by a simple chemical reaction to give 2
product which can then be dissolved in an appropriate solvent.

5. Catalytic Hydrogenation: Reduction of Yellow D partially or
complecely to polyamino compounds, by a catalytic reduction.

895
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6. Electrolytic Reduction: Electrolytic reduction of the aitro
groups of Yellow D would be achieved by electrolysis of the explosive
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dissoived in an appropriate electrolyte. -

W k.
oy Suspension Study T
Iy VS
e N
P ;‘-’ ‘..'.;
H&; Suspension tests were made with hydroxyethylcellulose gelling agent ﬁg
~(puchase¢ from Gulf Chemical Co.) to determine whether the gelling action .

would inhibit the agglutination of large masses of Yellow D solid, and ﬁ;

prevent Yellow D from plating-out on process equipment. o

In the first batch test, ten grams of reciaimed Yellow D powder was é‘

added to 30 ml of water and heated until a clear yellow solution was
obtained. One gram of hydroxyethyicellulose was then added to the
solution and stirred vigorously to produce a homogeneous mixture. The R
mixture was heated in & water bath for 30 minutes at 75°C. The resulting E‘
clear solution was removed from the water dath and aiiowed to cool to >
room temperature. Fine neadle shaped crystals began to form slowly

within the solution. Recrystallization was completed in 30 minutes. e -
<> F;

In the second experiment, the solution of Yellow D/water/hydroxy- <
ethylcellulose was prepared as described in the first test.. 7o this ;Si
solution, 4 grams of n-butylamine and 10 ml of methanol were added. This Eg
second mixture was heated for one hour at 75°. A clear yellow solution EE

was produced again and allowed to cool. As the mixture cooled to room
. temperature, Yellow D crystals did not form immediately. However, when :
the product was reexamined on the next day, Yellow D dendrite crystals ;QE

had formed on the walls of the reaction flask. 3
Although the gelling agent did inhibit immediate precipitation of o
Yellow D, the gradual build up of crystals indicated that the suspension ' 5}5
Created by the gelling agent only served to slow down the plating ;:
process. Table 2 summarizes the experimental data. —
- LY é ’
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Solvation Study

Solvation tests were conducted to select an organic solvent which, Ci;i
when added to the Yellow D/water mixture, would enhamce the solvation .
characteristics, and thus alleviate the problem of recrystallization and
the subseguent plating-out of explosive onto the process equipment.

The first test of this experiment was to find a group of candidate
solvents that would dissolve the dried Yellow D at room temperature (25°C).
Mainly three classes of organic solvents were investigated: (a)
hydroxy solvents, (b) amino solvents, {(¢) hydrocarbons,

The second test was conducted to select the solvent from among the
candidates that would best dissolve the Yellow D/water mixture. A test was
conducted to determine the solubility behavior as a function of mixture
component ratios. Finally, the solutions selected were subjected to zero
degrees Celsius tc determine the low temperature stability. The
experimental procedures for each test and their results are discussed
briefly below.

1. Dried Yellow D. Two grams of solvent was added slowly to two ‘f::
grams of Yellow D in a test tube. The mixture was shaken vigerously, then
set aside to facilitate the settling of undissolved explosive on the bottom
of the test tube. The result was inspected visually. This procedure was
repeated until a group of solvents was selected. Fifteen solvents were
tried. They were: (a) five hydroxy solvents: methanol, ethanol,
2-propanol, ethylene glycol and glycerin; (b) five amino solvents
) tert-butylamine, aniline, n-butylamine, n-hexylamine and isopropylamine;
i (c) twe different concentrations of acetic acid; (d) one hydroxylamino
| solvent: ammonium hydroxide; (e) one carbonyl solvent: acetone; (f) one

< sulfoxide solvent: dimethylsulfoxide; and (g) water.

-
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Among the solvents tried, amino solvents showed superior so]vatiod
behavior, while dimethylsulfoxide also gave good results. Suprisingly,
aniline showed very weak solubility behavior toward Yellow D. All hydroxy
solvents gave very little or no dissolution. Results from this first
experiment are summarized in Table 3.

2. Yellow D/Vater/Amines. Two grams of Yellow D was added to four
grams of water in a test tube which was placed in a water bath. The
temperature of the water bath was maintained at 95°C. When the Yellow D
was completely dissolved, the test tube was removed from the water bath
and placed in an ice bath. The excess water was pipetted off the top of
the mixture when the recrystallization of Yellow D was completed. Two
grams of amino solvent was then added to the Yellow D/water mixture, which
was shaken vigorously, and set aside. The result was observed and noted.
This procedure was repeated until the best solvent was chosen from the '
amino soivents tried. Four amino solvents and dimethlsulfoxide were
tried. Yellow D/water slurry dissolved well in tert-butylamine,
n-butylamine, and isopropylamine, producing clear amber solutions.
However, n-hexylamine gave an amber solution with some enulsification.
Dimethylsul foxide did not dissolve Yeliow D/water slurry completely. The
results are summarized in Table 4.

3. Dried Yellow D/n-butylamine. One-gram to six-gram portions of
n-butylamine were slowly added to bottles each containing ten grams of
Yellow D powder. The bottles were shaken vigorously, and set aside to
determine an optimum solubility ratio for Yellow D in n-butylamine at 25°C
(room temperature). Tests showed that six grams of n-butylamine
completely dissolved ten grams of Yellow D powder, producing a clear amber

solution.

899

A R e R R A R R T T N N N O N T R N T N U TV W N TR P W T I A XX T ¥ TR,

AR S s B




4. Yellow D/n-Butyiamine/Methanol. An investigation was conducted on
the solubility increase induced by addition of methanc! to the Yeilow
D/n-butylamine mixture. Yellow D/n-butylamine mixtures were prepared as
described in experiment No. 3. Two to twelve gram portions of methanol were . N
‘added to the samples, which were shaken vigorously, and set aside. Results ARV
showed that there was no marked gain in solubility by addition of methano! to
the mixture of Yellow D/n-butylamine.

5. Yellow D/water/n-butylamine. One to three gram portions of Yellow D
and three to seven gram portions of water were combined at room temperature.
Quantities of 0.37 grams to three grams of n-butylamine were added to the
Yellow D/water mixtdres, shaken vigorously, and set aside to observe the
solubility behavior of solutions as a function of the mixture component
ratios. Results showed that a compiete solvation of Yellow D/water slurry
was achieved when one part of Yellow D powder was dissolved in three parts of PR
water and three parts of n-butylamine. In one case, one part of Yellow D was * .
dissolved in four parts of water and one part of n-butylamine, producinga i
single phase sclution. When more Yellow D than n-butylemine was used, it
produced a solution with some undissolved solid in test tubes. Thus, tests
indicated that as long as the Yellow D/n-butylamine ratio was maintained at
one to one, the solution could dissolve up to four parts of water iwthout
sedimentation. The results of this test are summarized in Table 5.

- e

'y

6. Low Temperature Test. Yellow D/water/n-butylamine solutions,
similarly prepared as described in experiment 5 above were placed in an ice
bath for one hour to observe the solubility behavior changes caused by the
" Towering of temperature. During the lowering of the solution temperature
.gﬁ}: B from 25°C to 0°C, no recrystallizations were observed and no phase changes
S .'“ were detected for all samples tested. During the lowering ot the solution R
oo - temperature from 25°C to C°C, no recrystallizations were observed and no
' phase changes were detected for all samples tested. Results of this test are

summarized in Table 6.

._~.-‘~‘“_ .-.->-"-~ -
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TABLE 3

FLERML I A N
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SOLUBILITY TESTS FOR RECLAIMED DRIED YELLOW D IN VARIOUS SOLVENTS

Test Yelicw D Solvent Solvent Wthe of
No. Wt (g) Name Wt(g) Yellow D
1 3 Ha0 5 37.5
2 2 MeOH 5 28.57
3 2 EtOH 5 28.57
4 2 1«ProH 5 28.57
5 3 t-Butylamine b 37.5
6 2 Aniline 5 28.57
7 3 Isopropylamine 5 37.5
8 2 NHaOH (15M) 6 28.57
9 3.2 n-Butylamine 5 39.02
10 3 n-Hexylamine 5 37.5
11 2 Acetone 5 28.57
12 3.15 DMSO 5 38.65
13 2 Ethylene 5 28.57
glyco?

14 2.2 Glycerin g 28.57
15 2.1 Acetic 5 28.57
Acid (50%)

16 2.1 Giacial 5 28.57l

Acid acid
Notu: Solubility tests were conducted zt 25°C.

Abbreviatiors:

WNH40H

HaoG Water
Me(H Metha
£ tOH tthan
i-PrOH 2-Pro

nol
01
panol

Aqueous ammonia

DMSO Dimethylsul foxide

Observed
Very slight
Very slight
Very slight
Very slignt
Complete
partial
Complete
Partial
Lomplete
Complete
Very slight
Complete

Very slight

Partial

Insniuble

Insoluble
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TABLE 4

— -

SOLUBILITY TES1S FOR REICLAIMED YELLOW D/WATER SLURRY IN AMINES

A

-

TESY WO, YELLOW D (ym)  M20 (gu)  SOLUENT gm 0BSERVATICN :
1 3 5 1BA § Completz, tlear ember solution .,.M:.m-
2 3.2 $ MOA § Compiete, clear amber talution J‘: :0 i
3 1.8 5 1Pa 5 Complete, clesr ambar sclutinn o
4 k] 5 NHA 5 Complete, some emulsification
5 118 5 sy s Partinl

Abbreviations: TBA tert-bLutylamine

FBA m-butylamine
IPA isopropylamine
KHA n-hexylamine

D¥50 dimethyl sulfoxide
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TABLE 5

SOLUBILITY TESTS FOR YELLOW 0/n0A/H20 MIXTURES

*
TEST NQ. YELLUW D {gm) R0 (gm}  nbA Lwa) ODSERVATION
L i b} l Complete, single phase
2 F 3 2 somplete, 2 ohase
3 2.8 3 H Complote, 2 phase
. 3 k] 2 Complete, & phase
5 3.8 3 2 Sma') insniuble sollds, 2 phase
) 1.5 3.5 1.0 Complete, single ohase
1 1.5 3.8 1.5 Complete, 2 phase
3 2 3.8 1.5 tmall ingoluble solids, 2 phase
) 1 [ t Complete, stagle phase
10 1.8 4 1 lncomplete, 2 phase
RS 18 1 4.5 0.5 Incomplets, ? ohase
\-’ 12 2.5 T4 0.37 Incomplete, 2 phase
5] 2.5 1.4 0.87 lacomplete, 2 prase
Lt 2.5 7.1 1.57 Incomplete, 2 ohase
‘5 2.5 7.5 1.5 Partial
1o 2.5 1.5 2.25 Complete
* n-butylamine
903
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TEST NO.

SOLUBILITY TESTS FOR RECLAINED YELLOW U/nBA/Ng AT LOW YEMPERATURES

YELLOW © {gm)

H20 (ga}

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

TABLE 6

aBA (gui

[ = 2 = I R ™

2.28
2.28%
2,28
2.25

SO LRI TTY

RT {2.3%¢) 1ICE BATH (o°c)
Cinplote No precipitation
Complete Ko precipitation
Complete No precipitation
Ceaplete No prectipitation
Complete Na precipitation
Complete No precipitaticn
Complete No precipitation
Complete No precipttation
Comolete Ya precipitation

>

X S

>

NOSERVATIONS
Singlie prase
Single phase
2 phase
2 phase
1 phase
2 phase e n‘:

‘ 2 phase .
2 phase

2 phasa

)
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Effect of Aging at Ambient Temperature

This test was conducted to observe the room-temueratura effect of aging on
viscosity, recrystallization, sedimentation, and stability of Yellow
D/amine/water/methanol solutions. The solution were prepaves by adding amine
to the Yellow D/water mixture followed by the addition o methanol.,

During the additicn of amine to the Yeliow D/water mixture, some
evolution of gas was noted {ndicating that even at room temperature the
fnitial displacement reaction was occuring wherein the ammonium fon was
repliced by an n-butylawmoniun ion.

Wnan the evolution of gac ceased, methanol was added to the mixture,
producing an amber colored solution. Thercafter, the slow degradation
resction was indicated by the gradual darkening of the solution. Six months
of aging did not change the viscosity of the soluticn and no
recrystallizations or scdimentctions were detected. A summary of mixing
ratios and observations is given in Table 7.
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TABLE 7

AGING STUDY OF YELLOW D/AGENTS

TEST NO, YELLON © Wi 150-PA H20 MeON  REACT REACT SOLUBILITY 02SERVATION

tym) L B L fte) (a=) {2!: DTy
8-1 o 30 - 15 30 ' 10/726/81  Complete Soluston
82 30 20 . 18 30 * 10/26/81  Complete Solution
5-3 30 15 - 18 30 * 10/26/81  Inconplete Solution
Mol 10 10 - - - . 2/20/82 Complete Yiscous
Syrup
n5/21/82
M-2 H 10 - - - * 2/20/82 Complete Solution
05/21/82
H-3 H 15 - - - ° 2/20/82 Complete Solutton
05721782
M4 k] 12 - - - * 2/20/82 Complete Solution
/21782
5Kl S - 5 - - . §/10/82 Complete Solution
05/21/82
5.2 ] - 10 - - * 5/10/82 Complete Solutfon
05/21/82
-3 13 - 15 - - * 5/13/82 Complete Solution
05/21/82
SK-4 5 - 20 - - . $/10/862  Complere Salutton
05/21/82
906
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Strggg,Base Reduction

Strong base reduction of Yellow D was examined to determine the o
feasibility of producing a compound with increased solubii{ty and lowered o

sensitivity. The experiment was conducted using sodium sulfide (NA2S). ﬁ?ﬁgi
Briefly, ammonium sulfide (NH4),>S was also investigated with similar N

results. The reaction reduces the polynitro aromatic Yellow D to a wore
stable polyamine-substituted aromatic compound. A simplified overall
equation for the reduction reaction is given below.

4 @
SN, ® O NH4
NOs - A NDa NHz NH
\k%jrf +35%°46H20 — +3502+60H"
N0, NH2

The reaction was carried out in a 200C-ml1 three-neck round-bottom
flask equipped with a water-cooled condenscr, a thermometer, a mechanical
stirrer, and a heating mantle. Sodfum sulfide was dissolved in cold
water in the flask, and Yellow D was added slowly to the sodium sulfide
solution.

Initially, the reaction was strongly exothermic, but thereafter, the
reaction settled down and continued smoothly to the end. The product was
a dark brown solution which, upon cooling, became a slurry with solids of S
a definite crystalline form. The dried product was compietely soluble in "o
cold water. Table 8 summarizes the reactfon runs, showing various

reaction conditions and reactant concentrations. A run made with
ammonium sulfide was essentfally identical to the reaction with sodium S
sulfide, but was slightly less vigorous. t;*i”
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A preliminary impact sensitivity test was conducted on the dried
solids. The test indicated that the dried product was insensitive to
impact. Detailed discussion of this impact test is given later in the
Hazard and Safety section. Test results are susmarized in Table 9.

Acid/Metal Reduction

TR T T T RIS,
'
)

-
e

A strong acid/metal reduction of Yellow D was investigated using
~{1) hydrochloric acid/iron, and (2) hypophosphorus acid. A simplified
overall reduction reaction of Yeilow D is showr below.

- " LA wias

+ ©Fe +GHZ0

Reaction apparatus employed for this experiment was similar to the
one used in the previous section. Hot water (300 ml) was added to 47
grams of Yellow D in a 1000 ml flask. Then, 104 grams of iron filings
and 50 ml of hydrochloric acid (6N) were added to the Yellow D/water
mixture. The flask was placed in a water bath which was heated by 2
proportional-temperature-controlled heating mantle. The reaction
temperature was maintained at 97°C for one hour. The resulting dark
brown slurry was cooled to room temperature, and filtered to remove
solids. Liquid obtained was ncutralized with dflute sodium hydroxide,
and extracted with ethyl ether to recover the product. Evsperation of
the ether gave a brown ofly product interspersed with yellow colored
crystalline solids. Results are summarized in Table 0.
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For the Yellow D/hypophosphorus acid reaction, the following
procedure was used. First, 2.5 grams of hypephosphorus acid and
2.3 grams of water were added O a 100-ml round-dbottom flask, and as the
mixture was swirled, 5 grams of Yellow D was added to the flask. After
10 minutes of swir'ing, an additional 1.8 grams of acid was added to
factlitate further sclvation of the Yellow D.

The solution was heatad tu 92°C for 2C minutes, and then removed
frem the water bath and allowed to coco! Lo roce temperaturs. The
resulting slurry was extracted first with ethyl ether, producing an amber
colored solution. Evaporation of the ether oroduced rod solids. The
residue from the first extraction was washed with methanol giving a dark
brown sclution. When the methanol was evaporated, an oily product was
obtained. Test results are summarized in Table 10.
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. . PRELIMINARY IMPACT TESTS FOR STROG BASE REACTION PRCOUCTS -
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3 : -
g . CONDITIONS RESULTS 1), 2)
X TEST | YD [H30 NsgS Ka,$ 2 |3 5(6(7]819]10
- RUN |[(g=) |(gm) | (gm) (%)
. O,
1 200 [200 |32.78 8 ++
i . 2 |10 hisc [22.78 ] 11.6 +|+
- 3 200 1250 |16.39 3.5 l+
4 4 200 j250 6.24 1.4 +1+
2y » 5 so l100 |48.39 | 24.4 —|=]=]=l-1-]-1-1-
AN ¥
R ‘ 6 * staniard + |+
m AV
'.'i., g3 -
::j':. I - Notes: 1). Positive signs indicate detonation, reaction or burn.
i 2). Negative signs inlicate no detonation, reaction nor burn.
::::: - 3). Samples were zir dried first, then vacuum-oven dried for
e - two hours at 70°C and -25 psi, producing lumps.
'{‘:.-; 4). Iopact tests were conducted, using the maximum height of .
Yy 240 cm, *
y 5). Tests were conducted at Picatinny Arsenal laboruatory,
s 8 Dec. 1-11, 1981
e - .
B & * Explosive D was used as a stzandard.
. 2 YD is Yellow D Explosive.
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Catalytic Hydrogenation

A catalytic reduction of Yellow D, using palladium on finely divided

carbon (from Degusse Corp., Chemical Division), was investigated. The e
overall reduction reaction was similar to the one already outlined in the *_:!c‘-_,
two previous sections. :,:i::-;_:
n'_‘\.':.

A brief discussion of hydrogenation using a bench model Parr ;:‘:Z;'Zi
dpparatus is given here. VYellow D, methanol, and palladium/carbon Q

catalyst were charged into a stainless steel hydrogenation vessel. AT
Hydrogen gas was supplied from a storage tank. The initial hydrogen :
pressure in the reaction vessel was adjusted to 60 psi. The mixture was LR
shaken mechanicaslly to iaduce the hydrogenation of Yellow D until the I
pressure in the reaction vessel decressed to less than 20 psi. The
shaking 2pparatus was stoppad, the hydrogen pressure in the vessel was
increased again to 60 psi, and the shaking was resumed. This procedure
was repeated until the uptake of hydrogen gas by the reactant ceased.

The veacted material was decanted from the vessel and the mixture

R, was filtered to recover the product. Table 11 summarizes the results of

- this experiment. A simplified hydrogenation/reduction is given in the
following equation.

CH, CR, :'.‘.
2 | NO, NG H NH, ,:..'_,.::;
X i oot L
Cn, CH, v
2-Nitro-p-xylens 2.Amino-p-rylene .....i.....
Ty
NHOOCH, NHCOCH,
P " NG, m W, Z N,
‘e v ——— et
- N i aloehnl '~ RN
o-Nitroacetsnilide o-Aminoacetanilide
RN
= ;' "

'2“‘":‘ AR
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SUMMARY OF CATALYTIC HYDROGENATION

TABLE 11

Explosive D Pd/Carbon MeOH Pressure Reaction Time Observed
{q) (g) (m1) (psiq) .(minutes) Result
' 10 0.5 60 60 70 3 Uptakes:
60-32.5 psi
60-34 psi
60-52  psi
. 5 0.5 60 60 55 2 Uptakes:

60-17
60-50

psi
psi




Weak Base Reaction

The solvation study Aiscussed previously, and a subsequent
Titerature survey showed that n-butylamine was capable of solubilizing

and desensitizing Yellow D through (a) farmation of charge transfer
comniexes, (b} nucleophilic substitution reactions, and (c) frreversible
degradation reactions of Yellow D in amire solution.

Altnhough no specific previous work on the reaction of Yellow D/water
slurry with n-butylamine has been reported, many papers have appeared in
chemical journalc on the subject of the reactions of picric acid and
other substituted polvnitro aromatic compounds, with various nucleophilic
reagents in fonizing solvents such as methanol and acetonitrile. Some of
the more pertinent papers are reviewed here.

Addition complexes are formed when picric acid, styphnic acid,
picrolonic acid, di- and trinitro derivatives of benzene, including
1,3,5-trinitrobernzene and 2,4,6-trinitrotoluene (TNT) are reacted with
amines and amino compound:. These complexed derivatives are generally
more soluirle in hydroxylic solvents than are unreacted polynitro aromatic
compounds .4 5

Reactions of di- and trinitrobenzene with several bases of the amine
type have beaen reported by Lewis and Seatorgb, They postulated a
several step reaction mechanism: (a) the direct loss of a hydrogen ion
from one of the hydrogen atoms of the polynitro compounds, i.e.,
displacement of one of the tnree hydrogens of the trinitrotenzene ring,
or the use of one of these hydrogens to form a hydrcgen bond with the

4Dimroth, Bamberger, Ann. Chem., 438 (1923}, 67.
SKnorr, 1bid., 307 (1899), 183.
6Lewis, Seaborg, J. Am. Chem. Soc, 62 (1940), z122.
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base; (b) the direct addition of a base to one of the ring carbons that ﬁf ‘*E
is not attiched to a nitro grouy; (c) the attichement of the base to one MR EAE
\-l‘ll ., '1.'.

of the aitrogens.

-

One of the several important structures contributing to the ,f
resonance state of m-dinitrobenzene is represented by formula V. To f_ N
acceunt for the fact that ammoniz reacts readily with dinitrobenzene, ;:ihi—
Lewis and Seaborg proposed formula VI. This represented inadequately a ﬁ:jrf
compiex resonating system with double chelation, in which two hydrogens :
acted as hydrogen bond donors between nitrogen and oxygen atoms. While Sl
formula V represented a completely planar structure, formula VI aid not. f;f¥¥i

® o |
H O et = N = H- N
' o- _e° I
NOa - N=-~O ; - N \:'..:'\‘-_‘-
L © n T :':'_ ::"...‘
T
(v) (V) i

If the energy of double chelation 1s responsible for the strong
attachment of ammonia, less neutralization of m-diniirobenzere is
eipected by similar bases with only one hydrogen donor and much less with
no nydrogen denor in the base. This was found to be the case. L
Methylamine, which 1ike ammonia is capable of double chelation, gave a ‘_g____
color of approximateiy the same quality and intensity of ammonia, but the -
two stronger bases, dimethylamine, which is capable of only one
chkelation, ~nd triethylamine, in which only nitrogen chelation is

........
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possible gave no color at all with m-dinitrobenzene. With
teinitrobenzens, ammonia and the three amines aiil produced color
solutions which increased in inteisity with lowering of temperature.

Although triaitrobenzene was a much stronger acid than
dinitrobenzene, the same effect of single and double chelation was found,
i.e¢., under similar conditions, the intensity of the color was least with
t;iethylamine. greater with demethylamine and still greater with
methylamine and ammonia.

Lewis and Seaborg's experiments indicated that this phencmenon was
repeated when dinitrcbenzene, syc-trinitrobenzene, trinitrotoluene,
t-initroxyvlene or trinitromesitylene were reacted with ammonia, a primary
amine, a secondary amine or a tertiary amine. Thus it was deduced that
tne stabiiity of the colared corpounds was greatly enhanced by chelatior,
and especially by double chelation in which hydrogens of an alphatic
amine were attached to oxygean of the nitro groups.

Picric acid reacts with amines tu yield molecular compounds
(picrates), which usually possess charactericiic melting points. Most
picrates have a compesition of one mole of amine and one mole of picric
acid. The picrates of amines, particularly of the more basic amines, are
generally more stable than the molecuiar complexes formed between picric
acid and the hydrocarbons.

T

e @
Ot OHsNR
1
NO2 T’//l\ NOa NOgz ka\' NOgz
- ﬂ/ + HaNR — \j
] N

Oe

NOg2
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Fyfe and others reported on the reaction pathway in the nucleophilic
aromatic substitution reaction of 2,4,6-trinitroanisole with n-butylamine
in a solvent mixture of dimethylsulfoxide and methanol (50/50). Their
experiment indicated that when excess n-butylamine was used, the
resuiting products were methanol and substituted aniiine as shown in
the following equation.”

N
OLH_, . NHBy
NOs « SNOg NOg . A, NO 3
2 BuiNH g .
£ T + BuNH g —"-kr” + CHaOH
S o
NO

Furthermore, the secend adduct reaction was detected as a sigma
complex from the attack of n-butylamine on C-3 of the neutral product.

NHBW NHB W
Noa /J\ NO 2 NOz NO » ®
I 2 BuiNHg @ - + BuNH 3
5 CNHB W
PP U
NO o> NO 2

TFyfe, et al, Can. J. Chem., 57 (1977), 1468.
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Barger and Tutin reported that when trinitrotoluene was raacted with
amino acid boiling in a dilute alcoholic salutiun, the amino 2cid became
attached to the benzune ring by its amino group in replacement of a

reactive nitro group which was eliminated. The resulting compound was

N-dinitrotolylamino acid. The overall reaction was shown to proceed as

follows.7
MO
o)
/&(/Noa i
| P + MaNCHaCHa CNH CH CHa -C = € ———s
} V | |
13 COa ~ -
NCa N/
gy - c
- R H
- . (n)
‘: .. O
TR noe Il NO2
A - NHCH2CHa CNH CH CHa -C = C
% s - - | | i e NH CHaCHaCOat
Y %, COzsH N NR  AMING -
" NOg& N/
. B (o CHig
:‘ ' . “Hs H NOa
y 3 (m)
o 3
B 2 ’Barger, Biochem. J., 12 (1918), 4029.
1:‘ (x" ‘\
% .
. - 3
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Matsunaga and Usui reported that the reaction of v-amincbenzoic acid
and picric acid was found to produce four different kinds of adducts.
These were a stable yeilow salt (1:1), (formed by the proton transfer
from the picric acid to the o-aminobenzoic acid melecule), two red
complexes (consisting of the o-aminobenzoic acid molecule, and its

protonated ion), and the picrate ion.8

It was shown that ammonia, primary amine, secondary amine, or tertiary
amine would react w~ith polynitrocaromatic compounds producing stable
cumpounds, consisting of chkarge transfer complexes and nucleophilic
substituted adduct compounds.

Because 1t was found that n-butylaminz was an excellent solvation
agent for Yellow D as discussed in the solvation section, it was logical
to use this chemical not only as solvation medium but also as a
desensitizing agent by reacton of Yellow D with n-butylamine at an
elevated temperature to expadite the solvation/conversion process.

8yMatsunaga, Usuf, Bull. Chem. Soc. Jpn., 53, (1980), 53.
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Experimental Procedure for Weak Base Reaction

Yellow D ir the fom of crystalline ammonium picrate or reclaimed
Yellow D powder was reacted with n-butylamine in a water and wethanol
mixture in a round bottom three neck flask. The reaction flask was
equipped with a thermometer and a water cooled reflux condensor. The
heating of the reaction vessel was accomplished by placing the flask in
the water bath on a temperature proportionate controlled hot plate.

The reaction temperatures and times were varied from 25°C to 90°C
and from 30 minutes to 10 hours respectively. Yellow D and n-butylamine
ratios were varied at 1:1, 1:2, 1:3, and 1:4 by weight in order to
determine the optimum reactant ratfo. Also, to simulate the washout
process at WADF, some of the experiments were conducted by first
producing the Yellow D/water slurry.

The general experimental procedure was as follows. Yellow D was
added to water in the flask and was shaken well to produce a uniform
slurry. The color of this slurry was a bright yellow. n-Butylamine was
added it began dissolving some of the Yellow D, producing a 1ight amber
colored solution,

The temperature of the mixture was gradually increased to the
refluxing temperature. As soon as the temperature began to rise, 2
vigorous evolution of gases was observed, and the solution darkened from
amber to brown. The evolution of gases was completed in approximately 10
minutes. Thereafter the reaction continued smoothly to the end. Figures
4, 5, 6, and 7 illustrate the sequence of the dissolution and conversion.

The reacted material was removed from the water bath and a
predetermined amount of methanol was added. The product was decanted
into a beaker for cooling. The product was a brown liquid, and had a
strong amine odor which was due to the excess n-butylamine used. The
vigorous release of ammonia during the reaction indicated that the
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initial reaction of Yellow D/water slurry with excess n-butylamine was an
ammonia/n-butylamine displacement reaction. Thus, the major product in
the brown solutfon was n-butylammonium picrate. Some degradation product
were detected in the solution at that point. This fact was verified by
gas chromatographic-mass spectrometric analyses. Furthermore,
degradation reactions continue as the conversion product ages, due to the
excess amine environment of the solution. A summary of this experimental
work 1s given in Table 12.

Summary of Experimenta) Work

Six experimental methods were considered. Physicai methods,
were examined as a means to maintain the explosive in solution during
transport and disposal, whereas chemical methods, employing more
elaborate techniques of reduction chemistry, modify the explosive
chemically not only to maintain it in solution but to produce a
combustible and non-detonable fuel.

Two methods were mentioned but not examined experimentally beyond -
brief theoretical discussions: A sclid dilution method would have mixed iiéi
the Yellow D/water mixture with a large amount of diatomaceous earth,
producing a slurry which could be dried, transported, and disposed of
easily by incineration. The dilution of the explosive in a matrix of
inert (silicate) material would allow a relatively safe incineration due
to the low explosive density per unit mass. The main problem with the
solid dilution method lies in handling large volumes of diatomaceous
earth at the washout stage and removing it at the incineration stage.

The second method was an electrolytic raduction. The product from the
electrolytic reduction wouid be similar to the products obtained from the
reduction of Yel]oﬁ D by strong base, acid/metal, and palladium/carbon.
The electrolytic reduction of Yellow D and related explosives, is
promising, and could be pursued further at some later date. This method
would require a different facility than that at WADF.

926 ~2_




R S e N A N A L N A R LA L S e T R R I

....... BT
-

TABLE 12 ?j;l‘

YELLOW D/n-BUTYLAMINE REACTION SUMMARY

Run YD H)0 nBA MeOH Temp Time

No. (g) (g) (g) (g) {(°C) (hr) Observed Results »
R1 3 1 1 - 75-80 1 a. Dark amber solution ititﬁ
b. Upon cooling it solidified SR
c. Residue dissolved in 25 m1 MeCOH It;3}
R 2 - 5 - 8590 2 a. Vigorous bubbiing (k3 gas) ~—
b. Upon cooling did not solidify j' .
¢. Mixture dissolved in 25 ml1 MeOH .
R3 5 2.5 2.5 - 90 1 a. Dark amber solution
b. Upon cooling it solidified -
c. Residue dissolved in 25 ml MeOH :;é~
s 3 KI 26 10 10 20 70-72 1 a. Dark amber solution S
o b. Air dried to a solid residue
= = K2 20 10 10 20 75 2 a. Dark amber solution e
_ b. Air dried to a solid residue d;a;
iji."fiﬁi Ko.5 20 10 10 20 72 0.5 a. Dark amber solution BRE
o - B b. Air dried to a solid residue N
% . O K3 20 10 10 20 73 3 a. Dark amber solution N
- - b. Air dried to a solid residue asea
T \ s @
e 3 K7.5 20 10 10 20 73 7.5 a. Dark amber solution e
a2 B b. No solidification overnight L
e & ¢c. Viscous syrup residue o
w9 K27 4 - 4 4 74 2 a. Dark amber solution S
“ﬂ b. Upon cooling did not solidify i
: KIo 20 10 10 20 74 10 a. Dark amber solution -
: ; , b. Upon cooling did not solidify
233‘ , - 15 10 - 60 - 90 2 a. Dark syrupy liquid S
R b. Air dried 1 week, stayed liquid ®
ﬁ;f'l - X1 5 2.5 2.5 - 90 1 a. Dark amber solution L
oty 5 b. Air dried to dark brown solid L
yﬁ.- - with rectangular crystals S
: ': c. Dissolved in 25 ml MeOH S
ey - :"‘:‘\
. S8
LN 2
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The suspension method using the gelling agent, hydroxyethylcellulose
to prevent precipitation of Yellow D, appeared promising initially. But
it, only slowed the recrystallization process, and the explosive
eventually plated out.

The sodium sul fide reduction and the acid/metal reduction procedures
both gave satisfactory results as to the products obtained. However,
both methods exhibited a process side effect which discouraged further
studies, The strong base reduction using sodium sulfide would have
introduced sulfur pollutants into the product and the combustion
2ffluent. Although the acid concentrziion would not be excessively high
in the reaction solution, the acid/metal reduction would produce too
caustic an environment for the process equipment and would require an
additional neutralization process.

The catalytic reduction of Yeliow D using the palladium/carbon
catalyst worked well in a Parr hydrogenator. Palladium was chosen as the
catalyst for the hydrogenation because of its recyc1a5111gy without the
expense of a costly reactivation process. However, palladium recovery
would be costly and time consuming. Thus, although the process had the
other desirea qualities, the additionai recovery step discouraged further
investigation. |

The solvation study produced encouraging results which led to a more
detailed study of the solvation/conversion recaction. Two sclvents,
dimethylsulfoxide and n-butylamine were selected from the three classes
of organic solvents tested, and were proven useful in solubilizing the
Yellow D/water slurry. Dimethyl sulfoxide, as with sodium sulfide used
in the strong base reduction, would introduce sulfur into the process
system and was rejected for that reason,

The second solvent, n-butylamine, exhibited an excellent solvation
characteristic which was enhanced even further by the addition of
methanol. When one part of Yellow D was dissolved in an equal part of
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n-butylamine, the {nitial product was a fluid which gradually darkened as
it aged. Evaporation of the volatiles produced a viscous mixture ov

cryst . 1line solids and dark brown liquid.

Reaction of Yellow D with n-butylamine occured in tws stages. The
first stage was an amine exchange, which occurred rapidly as evidenced by
the prompt evoluiion of ammonia gas (NH3). This lasted for 10 to 2C
minutes and was accompanied by an exothermic( 10°C) rise in temperature
of the reaction mixture. The product of the first stuwe .'as the
N-n-butylamionium picrate sait.

The rate of the first stage reaction was measured by gas
chromatography. Samples were taken cut of the reaction mixture after 15
minutes, 3G minutes, 60 minutes and 120 minutes and refrigerated The
samples were each entracted with 10% aq. HC1 to bind up the ammonia and
amine as aqueous salts and prevent any 1oss,fron.the solution. The
15-minute sample rontained only 17% of the original amount of ammonia
held by the Yellew D, while no ammonfa at all was left in the 30-minute,
60-minute and 120-minute samples. Thus, ciie ammonia was 83% expelled
after 15 minutes of reaction, and completeiy replaced by butylamine
within 30 minutes.

The second stage of the reaction was the gradual degradation of
N-n-butylammonium picrate in the presence of water, methanol and excess
butyiumine into a2 complex mixture of many products. Of several types of
structures that might be expected in the mixture, experimental evidence
for a few of them has been noted, such as picr.c acid, dinitrophenoi,
etranitrophencl, quinones, aniiines, and ring cleavage products.
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The presence of the picric acid moiety remains strong, because
stage-2 of the reaction doas not deplete the concentration of the picrate
portion of the mixture very rapidly. However, the many degradation
products that account for the portion that does decompose, contribute to
soludbilizaton of the product.

An aralytical study was conducted to detect evidence of sfmilarity
or difference between the compositions of products derived from Yallow D
under variation of reaction temperature, time, concentraticn and resactant
ratios, The initfal differences that were detected largely disappeared
as the product mixtures aged. The details of this study are given in the
sectisn on analyticail work.
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e ENGINEERING EFFORT
o
o ‘3E¢
‘ fij Introduction
The laboratory tests previously discussed indicated that the
proposed solvation/conversion process was a viable procedure for
e B alleviating the problem of solidification and plating-out of Yellow D at
Lo e WADF. A project was then outlined to conduct the process on a larger e
g .. scale outside of laboratory conditions. A two-phase pilot plant program e .
;,'3, followed. The first phase had a 25-pound Yellow D process capacity. The :‘{._'_f ‘;'.
. second phase was a scaled-up version with a 65-pound capacity modified to A
o iy incorporate improvements from the first-phase study. Both phases were R
e o carried out at the chemical reasearch facilities of the Ammunition EO
Y ' g Equipment Directorate, Tooele Army Depot, Utah during the period of SR
- September 1931 to June 1982. e
\s Phase I P{lot Plant Study pww
= B S
o @ Description of Process Equipment S
> .,y\ ) The reaction/mixing tank was cylindrical and had a 38-gallon %".' #
% L Capacity. It was steam jacketed, with a cone-shaped bottom and a bolted e
< 1id equipped with a hinged access port. The tank was also equipped with ;_Zﬁjl{
';Z a mechanical stirring apparatus and a dewatering fixture. Lj'.":".';
_ ; ) F..
Y The dewatering storage tank was cylindrical and had & ", ;~Ylon
. capacity. It was 23 inches in diameter and 23 inches var. .ith a R
cone-shaped bottom, and was fabricated from 18-gauge 316-sta nless szjﬁ
teel. N
- . stee ‘9.
o i
"‘::\‘ : \.:‘.
R b
Nt e
A S .:_-::
: - & ] - .2,,&
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The product storage tank was cylindrical and had a 64-gailon
capacity. It was 23 inches in diameter and 35 inches tall, with a

cone-shaped bottom and a hinged 11d, and was fabricated from 18-gauge

316-stainless steel, ‘ b

The hot water tank was cylindrical, and had a G4-gailon capacity. ﬁ
It was 23 inches in diameter and 36 inches tall, with a cone-shaped ;
bottom and a hinged 1id, and was fabricated from 18-gauge 316-stainless :

steel. It had twe 10-kw immersion heaters in the bottem.

A1l pumps which came in contact with the solution were air-driven
Sandpiper l-inch STI-A stainless steel units of zero to 30-gpm capacity, .

with Teflon diaphrams and check valves.

g o vee e e e . -
B, T,

The hot water pump was centrifugal, and driven by a 240-volt motor.
The heat excharger had a cast-iron shelI.enclosing 0.25-inch copper o
tubes with 7.4 ft2 of heat exchange area. | 3
A1l piping and valves were polyvinylchoride (PVC). Qifjﬁ tf
Figure 8 11lustrates the layout of the Phase I Pilot Process 3;
Equipment. Eﬂ
-
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Operation Procedure: Phase I Pilot Plant

Hot water was pumped into the mixing tank, followed by Yellow D
introduced through a top port. The mixture was heated and stirred at
45°C (113°F) and then allowed to coo! and settle. Excess water was
removed through plastic tubing with the dewatering pump. n-Butylamine
was added and the mixture was reacted with agftation at 60°C (14G°C)
unrtil total dissolution of the solid was attained. Methanol was added
and the mixture made homogeneous by agitation. The mixture was pumped
into storage and later introduced into burner for disposal by combustion.

The water (20‘§a1) for the mixing tank was heated in the dewatering
storage tank to 54°C (129°F) by a heat exchanger before introduction into
them mixing tank. A separate source of boiling water fed the primary
side of the heat exchanger. The Yellow D was weighed in a plastic bag
and added to the hot water in the mixing tank. The agitator for this
mixture was operated by an air-driven motor. Heat was supplied to the
jacket of the mixing tank by the circulation of boiling water. The
butylamine and methanol were weighed by siphoning them separately into a
nreweighed plastic bottle which was then weighed again and emptied into
the top port of the mixing tank. Phase I Pilot Plant Process Flow Chart
is given in Figure 9. |
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Phase II Pilot Plant Study, 65-pound Capacity

Description of Process Equipment

The mixing tank was a 42-gallon jacketed unit with a fiberglass
glove box for its top. The tank and the bottom of the glove box (except
for the open part over the tank) were made of 316-stainless steel. This
system prevented Yellow D powder from contacting the operators and the
area outside the glove box. A fiitered suction 1ine kept the giove box
and tank at a slightly negative pressure. An agitator was powered by an

air-driven motor.

The dewatering storage tank was made of 316-stainless steel and had
a 38-gallon capacity.

The reactor was a cylindrical tank with a tapered bottom-extensicn
for small batch processing. The tapered extension had a 3.4 gallon
capacity and the whole tank had a 67.7-gallon capacity. The reactor was
steam jacketed to provide heat for reaction. The bolted 1id had a cold
water jacket to condense the vapor {(other than ammonia) produced during
the reaction. Four vertically spaced thermocoupies provided a
temperature profile of the reactor during the reaction. Only 304- and
316-stainless steel were used to fabricate the tank.

The Eiging was 2-inch and 1.25-inch 316-stainless steel.

The product transfer pumps were Sandpiper air-driven diaphragm MPE
pumps made of 316-stainless steel, with Tef . diaphragms and valves.
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The metering pumps were made of stainless steel with Teflon seals
and carbon cyliinder sleeves.

The ball valves were manufactured of 3i6-stainless steel, with
teflon seals, and pneumatically actuated.

The tharmocouples were type T, copper-constantan encased in
316-stainless steel.

There were two sight glasses in the system, one in the dewatering
Toop and one in the exit pipe from the reaction tank. They were made of
Pyrex and 3l6-stainless steel with Teflon gaskets.

A1l pilot plant components stood in a 304-stainiess steel drip pan
to contain spills.

A remote control room was provided with closed circuit television,
monitoring of all process areas. All three tanks were provided with
thermocouples, which were monitored by a multipoint chart recorder. The
steam jackets were controlled by a Heneywell dial pack attached to
thermocouples and monftored in the control room.

k list of process equipment and capacities is given in Table 13.
Specifications and 1iterature for some of the process equipment is given
in Appendix O, AED Report 23-82.
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TABLE 13 :
Phase Il Pilot Plant ;
Process Equipment ;
i
Tdnk SiZES* Reactor.-.-...-o.oaocfvt65 ga]
MiXer.ieeeevesonsneneesa38 Jal
Dewatering tank.........38 gal N
Pipe sizes- , Mixer to reactor........2-inch piping :
Reactor to storage......2-inch piping
A]] Others...........o}.1.25~1ﬂCh tubiﬂg .
E
Pump5" MGXimum f]ON...-........30 gpm .
Average flow, 30 psi....12 gpm :
Afr cupply¥eceeeseeeneess80 psi .
‘
Average flow rates- Water tank to mixer.....15 gpm i
Mixer to reactor.........9 gpm :
Dewater rate.....ee.....0.13 gpm .
i
Average heat transfer rate- Steam to reactor........80 BTU/hrft°® F .
Steam o Mixer...cec.....65 BTU/hrft® F
937 ;
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Operation Procedure, Phase II

Water was premeasured by a marked sight glacs in the dewatering
storage tank, and pumped into the mixing tank. Refer to Figure 10 for

the i1lustraticn of the Phase II Pilot Plant, and the Figure 11 for the
isometric process equipment layout. The water temperature was raised to
38°C (106°F) in the mixing tank. Yellow D in a plastic bag was removed
from {ts cardboard shipping box, weighed and placed inside the glove box
on the mixing tank. The glove box was sealed, the bag was opened with
rubber gloves and the Yellow D was added to the hot water. The Yellow D
and water were stirred continually and heated to 60°C (140°F) by
circulation of steam through the jacket of the mixing tank. After 15
minutes the slurry was pumped into the reactor.

The amount of excess water in the slurry was determined and
any excess water was distilled out by introduction of steam through the
jacket of the reactor. The excess water was collected in the storage
tank until the correct amount was removed from the slurry.

The pre-determined amount of n-butylamine was pumped into the
chemical holding tank by metering pumps. The volume was checked by marks
on the sight glass. The n-butylamine was then allowed to flow in to the
reaction tank by gravity and mixed with the Yellow D/water slurry. The
mixture was heated to complete the reaction under the conditions given in
Table 14. The desired reaction time and temperature were controlled from
the remote control room.

Upon completion cf the reaction, a measured amount of methanol was
metered into the chemical holding tank, and gravity fed into the reaction
tank, where it was mixed thoroughly with the reacted material. The
methanol served as a supplemental solvation and combustion medium. The
product was then pumped into a marked storage vessel to await disposal.
See Figure 12 for the Phase II Pilot Plant Process Flow Chart.
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Discussion of Rosults

Pilot plant studies conducted by AED showed that Yallow D/water
slurry, reacted with n-butylamine and diluted with methanol, gave a
product that could be burned in a furnace as fuel. Thus the use of
fossil fuel for the disposal of Yellow D was eliminated.

The first stage of chemical reaction was the expulsion of ammonia
from Yellow D with n-butylamine. This step was conducted with water
present, but without methanol, which was not added until after the
initial heating period of three hours at 65°C. This was followed by the
slow degradation of the picrate mofety at ambient storage temperatures.

The weight ratios of reactants were 2:1:2:4 for
Yellow-D/water/n-butyl amine/methanol. Variations from the process
conditions were tested in order to determine whather any dangers or
difficuities would result from slight deviations or unintentional changes
during production. '

No problem fs expected with an increase or 511ght decrease in the *::ﬁ
amount of butylamine from the recommended three-fold molar excess.
However, the butylamine is also a solubilization factor, and cannot be
decreased too much without leaving undissolved explosive.

The allowable decrease of amine should be determined. If water is
rnot present at the start, the initial exothem is very strong, which
could cause (1) an uncontrolled temperature surge, (2) expulsion of some
reaction mixture into the vapor exit 1ine because of the rapid ammonia
evolution, and (3) uncontrollable stirring mechanics. If too much water
is present at the start, the n-butylamine will not dissolve the entire
mixture. With a moderate excess of water during the heated period, two
11quid layers are present, without solid. This is no problem during the
reaction period if the mixture is kept warm and stirred. Changes from )
the prescribed initial amount of water do not lead to any danger or
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handiing problems if two conditions are satisfied: (1) The methanol is
added within three hours after the end of the heated pericd, and (2) the
amount of water is not less than half nor more than twice the prescribed
amount.

The methanol increases fluidity, ensures that the components all
stay in solution, and improves the burning behavior of the product. A
delay of saveral hours at ambient temperature before the additon of
methano! can result in a viscosity increase of the reaction mixture, with
possible damage to the agitator, and a long delay before the solid can be
redissolved and pumped out. WNo difficulty results from addition of the
methanol along with the amine, or immediately thereafter at the start of
the reaction, rather than at the end of the heating period.

An increase in the prescribed amount of methanol causes no handling
or safety problem, but the use of only half as much methanol can upset
the smooth flow of fuel into the burner. It is possible that the amounts
of methanol and n-butylamine can be decreased in a final setup but the
amount will have to be determined with the full scale equipment and final
burner feed system.

The temperature of the stage-1 reaction can be increased about 10°C
over prescribed temperature, but above that, too much g;butj]anine is
lost as vapor. A decrease in the reaction temperature has the same
effect as shortening or eliminating the heating period. No serious
difficulty has been observed from elimination of the heating period, or
‘from heating the mixture longer than three hours. Heating ensures prompt
removal of the ammonia and accelerates the stage-2 degradation. However,
if the heat1ng period is eliminated and other factors are also changed,
which in themselves cause no problem alone, the combined effect could
lead to problems, such as the formation of solids in the mixture. Before
a decreased heating period can be recommended, the burning
characteristics of the resulting product should be investigated.
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Yellow D recovered from munitions by the hot water washout process
contains a small amount (<0.5%) of insoluable residue, composed of

asphaltic tar, magnetic powder, and metal (see analytical section). Most e
of this residue is separated by decantation of the product. A line

filter separates the remaining residue.

,.
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A process review and evaluation conducted by Or. M.J. Matsuguma,
ARRADCOM, concurred that the overall solvation/conversion process was a

viable and safe disposal method for the Yellow D/water slurry (see
Appendix E, AED Report 23-82).

Additional information relating to pilot plant studies Phase I and
Phase 11 are listed below:

Phase I Pilot Plant

1. The proposed conversion process was shown to have reasonable
handling requirements.

2. A homogeneous liquid product was produced.

3. It was shown that the product could be burned. g

[ 1]
!D-y

Phase II Pilot Plant

1. The maximum batch size was scaled up to 65 pounds of Yellow D.

2. A detailed engineering-level handling procedure was established. -

3. Process conditions were improved successively, to establish
ranges of safe varfations and to optimize some of the conditions within
those ranges. |

4. Toxicology and sensitivity tests were conducted on the product;
no hazards greater than those of the initial components were detected.

5. The preliminary layout for a possible full scale up at WADF was
planned, and the pre-design engineering parameters were calculated.

6. It was confirmed that the product could be burned continuously
within environmental requirements.

v !".F' v-V
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ENGINEERING PARAMETERS

Introduction

The experimental work and the pilot plant tffort provide the basis
upon which the engineering parameters are derived. The actual parameter
values are limited by the essential features of the process. The
Explosive D solvation/conversion process gives good results when the
weight ratios of Explosive D, water, n-butylamine and methanol are
2:1:2:4, and the handling procedure fits the following time and
temperature protocel.

Explosive D and water are reacted at 158°F with n-butylamine, which
is fed into the mixture gradually over a period of 20 minutes. The
rapidly evolved ammonia is allowed to exit through a water-cooled
condenser, while the n-butylamine s retained. The condensed 11quid
n-butylamine flows back to the reactor. During this period of
ammonia evolution the exothermic heat may have to be controlled by
Jacket cooling, after which the jacket will have to be heated again
to maintain 158°F for another one to three hours with stirring. The
mixture is cooled to 140°F and then the methanol is introduced as
the mixture continues to cool to ambient temperature. The product
is pumped to storage and allowed to age at least overnight before it
is burned.

As seen below, part of this protocol will require careful adaptation
in the scaled-up equipment.

Maximum Washout Rate

On-site inspection by AED personnel, and conferences with WADF
personnel, provided details concerning potential Explosive D washout
production rate. See Appendix K, AED Report 23-82, for explosive
hand1ing quantity and safety distance criteria.
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Two stations in the South Tower of the Washout Building provide for
hand1ing the different sizes of munitions. A single cavity vertical

washout chamber, will process the 8" and 16" projectiles one at a time.
Up to 15 ftems can be washed cut per shift with a resultant washout rate
of up to 2300 pounds of Explosive D. This station uses hot water at
200°F and 80 psi.
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The second station is a multi-position turret, on which up to 8
{tems can be mounted simultaneously, and subjected to efther a cold water
Jet at 10,000 psi or hot water at 200°F and 80 psf. This system can
washout about 360 items up to 6" diameter, producing as much as 4700
pounds of Explosive D per shift.

Thus the Explosive D washout rate at maximum capacity 1s about 4700
pounds per shift, with only one washout station operating at a time.

Realistic Washout Rate

It is expected that the maximum rate will seldom be maintained over
a significant duration, and that very likely only about 3200 pounds L
(two-thirds of the maximum capacity) per shift will be a practical
ongoing high production rate. The four 300-gal reactors planned for the
Explosive D solvation/conversion process will handle 3320 pounds by
processing two batches each per shift. With one batch in each of the
four reactors per shift, they will meet a one-third rate of 1660 pounds
of Explosive D starting matarial. The FY83 workload on the 1isted agenda
totals about 147,000 pounds, or approximately 500 pounds per day. (See
Appendix J, AED Report 23-82).

Dewatering

An average Explosive D/water ratio of 1:7 is expected from the hot
water washout method. If the process uses 23,240 pounds of hot water to
washout 3,320 pounds of Explosive D, it would be necessary to remove
21,580 pounds of water from the slurry to produce an Explosive D/water
ratio of 2:1.
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the reactor gradually as the water is distilled out. Steam fed to the
reactor jacket supplies heat for the distillation. ODewatering by
distillation would require approximately 6,300 BTU of heat per pound of

Explosive D processed. Of course, the slurry must be assayed first, to

a calculativn of the amount of slurry to be fed in, and the final volume of
the dewatered batch.

Aunonja Evolution

During the reactfon of n-butylamine and Explosive D/water slurry, a
total of 230 pounds of amsonia gas would be evolved for every 3320 pounds of
Explosive D processed. Ammonia covld be recovered to produce aqueous
ammonium sulfate fertilizer by neutralization with dilute sulfuric acid. It
would require 3,304 pounds of 20% aqueous sulfuric acid to neutralize 230
pounds of ammonia. This would produce 3,534 pounds of 25% aquecus ammonfum
sulfate (fertilizer). The ammonia gas could also be used as a reducing agent
in the explosive incinerator to reduce emissions of NOy,

Major Process Equipment

The following equipment would be necessary for the proposed Explosive D
processing at WADF. :

1. Sulvation/Conversion Reaction Kettles - Each reaction kettle should
be constructed from 316-stainless steel and equipped with a stirring
mechanism and two condensors. The capacity of the reactors should be about
300 gallons each, and four such reactors are needed. See Appendix 0, AED
Report 23-82 . Production kettles equipped with jackets for steam heating
and water cooling are the preferred type, similar to those used at the
Hawthorne Ammunition Plant. As discussed in the dewatering process, the
removal of excess water from the Explosive D slurry is also accomplished in
the reaction kettles.
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2. Reagent Holding Tanks - Two reagent tanks with a holding capacity of s
200 gallons each would be located on the second floor of the washout e
building. Construction material would be 316-stainless steel.

3. Reagent Storage Tanks - Reagent storage tanks are necessary to store
n-butylamine and methanol. These tanks should be constructed from
316-stainless steel, with a holding capacity of 36,000 gallons total for
methanol and 30,000 gallons total for n-butylamine.

4. Product Storage Tanks - Product storage tanks, with a total capacity
of 24,000 gal, will store the reaction product prior to burning. These tanks
should be constructed from 316-stainless steel. They will be located near
the incinerators.

5. Pumps - A1l pumps should be 316-stainless steel afr actuated
diaphragm pumps with Teflon diaphragms. The rating of each pump should be
determined during the pre-design activities.

6. Condensors - Two condensors fabricated from 316-stainless steel, and Py
preferably of shell and tube type construction are needed for each reactor. Qﬁﬁﬁi
One is to condense the butylamine vapors and one is to condense the water
vepor distilled from the slurry. The rating of these condensors should be
determined during the pre-engineering consultations.

Engineering Calculations

The engineering calculations are tabulated into charts for easy
utilization. They are provided to allow quick determination of several
process parameters which match any chosen amount of Explosive D to be handled
per batch. To use the charts, either the desired batch size (weight of
Explosive D) or the desired reactor size is used as the base criterion, and
the other factors are calculated from column 1 or column 2 respectively,

(See Tables 15, 16, 17).
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ENGINEERING PARAMETERS

TABLE 15
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TABLE 16
COEFFICIENTS POR CALCULATION OF
REACTANT AMOUNTS AND TANX SIZRS

Coalfigtant Caafflgiont per
AL %ging O Cal Comssity Sxawnin l . SEevaie 2

Reazter Capacity ¥.7230 et 1.000 got 1000 gal 300 gqol
Chorge Zanieun 30X of Capaeity £0.3700 gel 0.800 gal 200 qet 200 qal
Yoid Veture MG.1448 qol 0.200 gat 00 ¢l 60 qol
0 Charge . t.000 p le384 p 134 » as e
Tater, 8.33 p/get 29.5000 » 0.602 p» oy 08 »

0.0800 gel 0.083% gal 3 gal 8 oel
p-futylentne, $.20 p/qal 1.000 p 384 p 1384 p as e

© Qe l6L qel 0.223 ¢nl 23 qal o7 g0l

Rethanat, 6.40 p/yat 2.00 » 2.788 » 788 p Q0

0.3028 ¢nl 0.419 gel A9 gol (26 oot
Aowentis Prodused Q.080 » 0.0038 p [ t. N
YO Fuel Predused, T7.67 p/qul 4.4 p $.132p 132 1850 p

0.57800 qel 0.800 ¢al 00 eat 40 qal
Fothonal Potarirg Tank 0.368% gl 2.3 ¢ol 900 qut 190 ¢sl u
Fotharel Stersqa Tanka 4nla.48 gt 4n20 ¢sl 420,000 qal  4:6,000 gol -
far L-enth Ouats et s
2 Yatahes por Osy per Resstor
gefutyleaine Rataring Tank 0.217 gel - Ge3 ¢t . X0 eat 0 qol

a=futylanine Stersqe Tenks T.23 gel 4zl0 gol 4=l0,000 gt 204,000 gol

fay (=Yanth Nusts s
2 Natches per Oay per Reagter
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TABLE 17

REACTOR SIZE BASED ON EXPLOSIVE PRODUCTION BATCH SIZES

YELMOM 0 - REACTOR SIZE QASID ON ANGUNTS OF REACTANTS

[ £]: "8 (1! 03
MASNOWT NATIR AFTER TOTAL
RATE/SHIFY _ OGMATER oA eow owos _Fegt G 8 IO S MG 4wl
T TR TR TE pm m s YNGR L
=35 3&5 o S T ‘45;7 ;§§ %ﬁ . ﬁé—%
S X E— Y T o """ . 1
) ) . " R =i 5T ) S—
o) N E— T e m TR0 Y
m—r v 0 —1r §E¥ "y T
T o 4 3 YT 700 Y578
=iE = e *
7
— : o v: Y57 ‘Y
--‘%ﬁ YO0 n) 7500 35; Y™ T 1
—-r % ﬂﬂﬂ 70 xr . ki ; L A
557 §= uv'-"-:ag? rﬁﬁﬁ v 45% om
o Yo o - ——m— Ty E— ¥

NOTE: 1. The height of the reactor is limited to six feet or less,
to stand lower than the slurry holding tank, so that the
Explosive D and water mixture can flow from the holding
. tank to the reactor by gravity.

2. The Explosive D/water ratio after dewatering is 2:1.

3. The density of the Explosive D/water/nBA/MeOH mixture is
0.92 g/ml1 (7.67 1b/gal).

4. The above chart gives reactor size for a void volume of 20%.
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Flow Chart and Equipment Layout

A simplified process flow diagram and the equipment layout are shown in "3
Figure 13 to help visualize the installation of process equipment and to aid
the subsequent engineering activities.
Q
r MeOM ngA
% COLLECTION
TANK
OY  extiblen O TR
l REACTION
TANK
vl ' stonace
" TANK
. -;: l-——'y"l reeysied
! B 1]
; . % ELEMENTS OF ¥t TRANSPORT ' i —
- " GONTAINER el
. EXISTING PLANT *s’l:rc‘)‘nNAKca s-FURNACE ”aﬁn?&
n YELLOW D PROCESS FLOW DIAGRAM
g PREPAINED BY: SOLIM $.W. KWAK, O /AL, JUNE 21,1902
EXPLOSIVE D SOLVATION/CONVERSION PROCISS
FLOV DLAGRAM
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One of the objectives of the project was to determine the tqigi
feasibility of burning the Yellow D conversion product in a furnace as ﬁfﬁtg
fuel in complaince with EPA. The tests were conducted in two burners; ?&Qﬁ
the first was a modified tent heater and the second was a Hauk high .

pressure oil burner.

Description of Burners

Herman Nelson Heater

The first burner was a converted Herman Nelson tent heater in which
the standard gasoline powered engine was replaced by an electric motor.

There were no controls for fine adjustment of the burner. This prevented o
the collection of data, but it did show that the Yellow D solution will :
burn. The converted Herman Nelson Heater 1s shown in Figure 14. {

Hauk High Pressure 011 Burner b

N

The tent heater was later replaced by a larger furnace designed and §§:§E

fabricated by AED. A schematic of the furnace 1s shown in Figure 15, S
The new design allowed for better conirol of the burning process and
changes in the test parameters.
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Burner. The burner is a Hauck 530 high-pressure oil burner. It is
controlled by adjusting three parameters.

1. The air control registers.

2. The fuel pressure.

3 The atomizing air prassure.

Pump. The fuel pump is a diaphragm pump which utilizes a teflon
diaphragn to insure inert behavior toward the reaction mixture.

Pilot. The pilct 1s a Hauck 110A high pressure gas inspirator which

uses propane as a fuel source. It serves as a pilot as well as a
preheater to bring the furnace up to temperature before starting the main

burner,

Refractory. The shell of this furnace consists of a 24" x 24" x 12"
steel case filled with a castable refractory material similar to the A.P.

Green Co. 2400°F grade. The burner is mounted on Hauck burner tiles cast
into the main housing.

Burn Test Procedures

Phase I Burning Test (Yellow D Solution)

Solution Preparation. To prepare a solution of Yellow D for
burning, a mixture was made composed of 340 grams of Yellow D, 150 grams
of water, 180 grams of n-butylamine, and 300 grams of methanol. The
components were added to the flask in the order listed above. Before
adding the metihanol, the flask was vigorously agitated to dissolve the
Yellow D. Later, in the feed tank, the solution was diluted to about 18%

by adding another quart of methanol.
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FIGURE 15




A second solution, used as straight burner fuel, was made from 600
grams of Yellow D, 200 grams of water, 600 grams of methano)
methylalcohol, and 300 grams of n=butylamine. The concentration of
Yellow D was approximately 18% for the second test.

Burn Test Procedure. The Herman Nelson burner was set up outside
the AED test site barricade, and started on methanol. A thermocouple and
recorder were set up to detect burner activation. The fuel was then
switched made from methanol to Yellow D sotution. The Yellow D solution
burned as expected with no complication. The solution tank was allowed
to drain completely and then methano) feed was resumed to purge the
burner system.

Phase 11 Burning Test (Conversion Product)

Five 5 gallons of the reacted Yellow D product was placed into a
fue! storage container equipped with a fuel pump. The phase II burner
system was installed on a concrete apron at the test site. See Figure 16
for the general layout of the burner system.

The burner was preheated with methanol. After the burner was
stabilized, the reacted Yellow D product was introduced through the
burner orifice as fuel. During the test, the propane pilot was kept
burning to prevent build-up of the fuel in the burner in case the flame
were to expire or the temperature were to drop low,

Upon completion of the burn tests, the fuel line was purged with
metanol. When the purge was completed, the fuel and the air were
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turned off. The propane pilot was run for several minutes longer to
ensure that no fuel remained in the burner. This purge was very
important to avoid clogging of the burner head.

During these burn tests, gas samples were taken and analyzed (See
Effivent Analysis), and Combustion temperatures were measured at various
locations on the stack.

Monitored Parameters for Burn Test

The parameters Wonitored during the burn test were:

1.
2.
3.
4.

Fuel Flow

Atomizing

Fuel Pressure

Temperatures monitor locations:

a. Burner

b. Flame

c. Two additional stack locations at 6" and 7' heights.

The temperature was wmonitored by four thermocouples which were
attached to a multipoint chart recorder. See Appendix H, AED Report
23-82, for burn test details.

Reducing Properties of Yellow D Product And Ammonia

In unreiated projects we have considered the use of ammonia as a
reductive supplement in the demi! incineration processes to oppose

formation of KOy stack pollutants. Any reducing gas might be
considered for this purpose. In the process for fuel production from

Yellow D the above principle is applicable at two points.

Ammoriia gas is emitted by the process as a side product and could
best be disposed of by its use in any furncae operation to assist in
meeting EPA requirements. Indeed, ammonia is actually a fuel with a heat
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Ammonia gas {s emitted by the process as a side product.and could
best be disposed of by its use in any furnace operation to assist in
meeting EPA requirements. In fact, ammonia {s actually a fuel with a
heat of combustion of 9,600 BTU/pound. NOx is formed from the N2 in
air, as in ordinary boflers and other types of burners. In addition

there is excess NOy from the nitro explosives themselves.

If the ammonia produced by this project is disposed of by acid
neutralization, a useful fertilizer results. But the greater advantage
is to use it on-site to accomplish EPA needs that must be provided for
anyway, and to use its energy content simultaneously.

The principle of N0y reduction also applies to the nature of the
amino group of the Yellow D product. The solubilizing agent for Yellow D
in this process is n-butylamine, which 1s 2lso a fuel‘hy virtue of the
hydrocarbon group as well as the amino group. Both groups are also
reducing agents and can contribute to the elimination of stack NO,
which originates both from decomposition of the explosive and from
nitrogen gas in the air.

Thus it is expected to achieve low pollutant emission from combustion of
Yellow D product by adjustment of air and fuel feed rates and other
furnace parameters. The burn tests showed that the proper adjustments
Towered NOy and NO monitor readings from 500 ppm to less than 5 ppm.
Additional adjustments should also allow complete oxidation of CO to

C02, by manfpulation of various factors such as air and fuel injection
locations.
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Discussion of Results

- :,_-1'('{_-- 23 -

The two objectives, in both Burning Tests, Yellow D conversion
products were used as fuel of EPA compatibility and retention of
solub!lity, were achieved to the extent of demonstrating feasibility.
The ‘iting fuel remained fluid and was easily pumped throughout the
rea ~ , system and into the burner. If the water content of the fuel
was kept down to the level specified in the process, the fual burned
inoothly and continuously at proper feed rates, with the absence of
smoke, NO,, and NO. The effiuent was clear and colorless. The carbon
monoxide which resulted from these settings was down to 0.84%. No
attempts were made to lower it further while maintaining negligible
NOx. The results of Burn Tests are susmarized in Tables 18 and 19.
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TABLE 18

COMVERTES YELAOU-D BUMIING TEST BESMLTS
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EFFLUENT ANALYSIS

Introduction

The products from the yellow D conversion process were burned in a
furnace to determine the combustion characteristics (See Burn Test
Section for details). During these burn tests, effluent analyses were
conducted to monitor and determine the combustion by-products and their
concentrations

Test Procedure

Samples of the gaseous effluent from the combustion of reaction
products were taken during two separate on-site burn tests. In the first
on-site test, gas reagent tubes were used to monitor common combustion
products. Gaseous effluent samples were also taken in stainless steel
gas sampling bottles and analyzed by mass spectrometry. During the
second on-site test, the reagent tubes and mass spectrometric methods
were again employed. In addition, an NO-NOx continuous monitor was us- )
ed to determine the concentration of NO and NO» throughout the tests ;:iﬁ;

Stack Probe

A sample probe was inserted near the top of the burner stack. The
Tocation of the probe allowed sufficient mixing to give a representative
effluent sample. Approximately 40 feet of copper and rigid polyethylene
tubing connected the stack probe to the analytical workbench and sampling
apparatus. During the second on-site test, a water trap was added to the
system to collect the water condensing in the tubing.
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Sampling Procedure

The tubing from the stack probe was connected to a vacuum pump so
that stack effluent was contfnuously drawn through the tubing and was
introduced into the NO analyzer. Reagent tube samples were taken by
drawing a known amount of stack effluent through the desired reagent tube
‘using a 50 m1 syringe. A schematic diagram of the system is shown in
Figure 17. Samples of mass spectrometric analysis wre taken in two
ways. A large (1 gallon ) stainless steel sample bottle was purged first
with stack effluent for 5 to 10 minutes, and filled with the affluent
gases. Smaller bottles (300 cm3) were purged for 5 minutes and
pressurized with stack effluent to 30-50 psi. The large bottle provided
an ambient pressure sample with no possibility of contamination from the
pump or filters.

Mass Spectrometric Analysis

The stack effluent samples in the stainless steel sample bottles
were analyzed on a Hewlett-Packard 5980A quadruple mass spectrometer.
The bottles were heated to above 100°C using heat-tape to ensure that all
water was vaporized. The flow valve was opened to ailow a small,
constant flow of stack effluent to enter the mass spectrometer ionization
chamber and mass analyzer. Ionization was accomplished by electron
impact. at 70 ev.

NO/NOx Monitor

A Thermo-Electron Series 10 NO-N), monitor was added
to the system during the second on-site test. The monitor was calibrated
using a calibration gas which was 219 ppm NO in Ny gas. It was then
set to give full-scale deflection for a concentration of NO, ({.e., NO

+ NO2) of 1000 ppm. The detection 1imit at this range was 4-5 ppm.
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furnace
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SCHEMATIC DIAGRAM OF EFFLUENT ANALYSIS SETUP
FIGURE 17
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Results and Discussion

Reagent tube analysis from test #1 indicated high concentrations of
NO and N0, However, mass spectra showed almost no detectable
concentrations of efther NO or NO2. These results seemed
contradictory. The results of the second test, with the continuous NOy
monitor, in line, showed that the burn can be adjusted for minimum NO,
production. In the presence of a reducing amine (n-butylamine) the flame
can be adjusted to the point where the major nitrogen-containing product
of the combustion was nitrogen gas (N) with 1ittie or no oxides of
nitrogen produced. However, the reagent tubes indicated that
minimization of the NOy produced a high concentration of carbon
monoxide (CO). During the first effluent analysis the reagent tubes
indicated CO in the percent range by volume. It was noted that CO
concentrations taken during test #2 were in the ppm range rather than the
percent range. The mass spectral samples which were taken during a later
burn, were sampled while the flame was optimized for low NOy
production.

The mass spectra confirm the analysis of the effluent as containing
primarily €Oz, CO, Nz, 02, H20, and argon. The peak at m/e = 28
could be due to either N2 or CO. The relative abundance ratio of m/e =
28 to m/e = 29 indicates a compound containing one carbon. For examplie,
the abundances from Table II show a m/e 28:29 abundance ratio of 85:1,
corresponding well to the natural isotopic ratio for C12 :C13 of 100:1.1.
In additicn, the mass spectrum of room air shows no peak at m/e = 29.
Thus, the isotopic ratios indicated a substantial percentage of the m/e =
28 peak to be due to CO. The Mass spectral analysis also shows small
peaks at m/e = 58 and m/e 43, These peaks are undoubtedly products of
the combustion and very 1ikely organic compounds, the identity of those

compounds is uncertain,

J
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The effliuent analysis fndicated that the Yellow D/n-butylamine
reaction product can be burned efficiently, and the flame can be
optimized for low NO, production. However, CO production is at least
0.84% in all burns monitored thus far.

The summary of the results is given in Tables 27 through 31 and

spectra of mass spectrometric analysis is shown in Figures 54 to 56.
See the complete discussion given in Appendix I, AED Raport 23-82.
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HAZARDS AND SAFETY

Jntroduction E

One of the objectives of this project was to convert the Yellow D to a R
materfal with sensitivity equal to or less than that of the original ;
explosive. Therefore, propagation tests were conducted to compare the E
sensitivities of the conversion product and unreacted Yellow D. .

Preliminary detonation tests were conducted at Tooele Army Depot,
whereas more extensive sensitivity tests, by impact, friction and i
electrostatic charge, etc., were carried out by the Energetic Materials :
Division, LCWSL, Dover, N.J. A toxicology study was conducted at Edgewood .
Animal Testing Laboratory, Aberdeen Proving Ground, MD. 3

Tooele Army Depot Detonation Tests §

1. Detonation Tests for Yellow D Solution 3

Preliminary tests were conducted to determine the detonability of l
Yellow D solution. Samples were prepared by dissolving the reclaimed Yellow D
in water/n-butylamine solution and diluting with methanol. The compositon
was: 35.3% Yellow D, 35.3% methanol, 17.6% n-butylamine and 11.8% water by

weight. !

" Test Procedures. Solutions were charged in one-pint Nalgene plastic
bottles, which were placed in fiber canisters. The space between bottle and
canister was filled with sand. A blasting cap was submerged in each solution, g
and detonated by a time fuze. For the control! standards, bottles containing ;
pure yellow D were also detonated. Sample sizes are tabulated in Table 20. &

See Figures 18 and 19 for illustrations of samples prepared for the detonation
tests.
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Results. Bottles charged with pure Yellow D solid all sxploded, without
exception, however, no explosions were observed for the bottles charged with NN
Yellow b solutions. The detonation forces of the blasting caps destroyed the W
plastic bottles and the fiber canisters, but did not ignite or detonate the
solutions. Rather, the solutions were splashed over the ground and the
retaining walls.

TABLE 20

SAMPLE SIZES FOR DETONATION TEST

BOTTLE NO. SAMPLE SAMPLE HT.(Q)
1 Pure Yellow D 68.5
2 Pure Yellow D 90.0
3 Pure Yellow D 98.6
4 Yellow D Solution 92.7 .
5 Yellow D Solution 92.9 ity
6 Yellow D Solutfon 93.5 ‘t::?
i
f
Py
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DETONATION SET UP FOR SAMPLE +6 - YELLOW D SOLUTION

FIGURE 19
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";;f 2. Detonation Tests for Yellow D Solvation/Conversion Product

As each Yellow D conversion run was completed, samples were retained for
the detonation tests, which were conducted at Demolition Range Number Two.
The sampies from runs 13 through 16 of the phase I pilot plant study (1981)
and samples from runs 1 through 18 of the phase II pilot plant study (1982)
were tested. Refer to the summary of these runs and their reaction conditions
given in Tables 21 and 22 in the engineering effort section.

Test Procedure for The Reaction Products. The detonation test was
conducted for the 1iquid product and also for the solid obtained by evaporating
the volatiles from the 1iquid product. The samples were charged into 1.25-inch
diameter black-iron pipe, prepared in 3-inch and 5.5-inch lengths. To increase
the sample size for the propagation tests, 3-inch diameter black-iron pipes 12
inches in length were also prepared. All of these pipes were tabed closed at
the bottom.

<l For the 3-inch and 5.5-inch pipes, four tetryl pellets from M21A4

¥ W boosters, totalling 1360 grains of tetryl, were taped on top of the

: sample-filled pipes as explosion donors. For the 12-inch pipes, 0.63 pounds of
composition C-4 explosive was packed into a separate section of pipe 3 inches
in diameter and 2 inches high which was taped on top of the product-filled
pipes as the donor,

In the first series of tests, the donors were placed at various gap
distances from the products. In those tests where the gap distance was other
than zero, the separation was provided by stacking pieces of plastic
between the doner and the products. In all of the second series tests, the
donors were placed on top of and in contact with the liquid product {i.e.,
“zero" gap distance). The donors were initiated by A7 non-electric blasting
caps each attached to a timing fuze and a manually-actuated ignitor.
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In order to determine whether propagation occurred between the donor and
the Yellow D conversion product, the samples were placed on stee) witness
plates 0.25 inch thick and 10 inches square. The witness plates were
supported by steel perimeter frames designed to allow the plate to deform
downward from the pressure of the detonation.

Liquid Samples. Brown 1iquid samples were obtained from each Yellow D
conversion process, and tested for detonation without alterations.

Dried Samples. DOried solid samples were obtained by allowing the
evaporation of volatiles from the 1iquid product. These solids were lcaded
into the pipe fixtures for the propagation tests. Also, as standards for
comparison, one test was made using sand and another using the original
Yellow D powder in 1ieu of the solid or 1iquid from reactions.

Results. No indications of explosive propagation were detected for the
11quid Yellow D conversion product in any of the phase II pilot plant tests. S
Reacted Yellow D solids caused sowe deflection of the witness plate whereas ‘E:5>
the 11quid conversion product samples wers only spattered radially away from
the detonation spot “"ground zero" without any signs of detonation. Results
of this series of tests showed that the conversion product D solids were less
sensitive to detonation from donor propagation than the unreacted explosive,
and the 11quid product was not susceptible at all. The results are tabulated
fn Tables 20 and 21. See Figures 35 through 39 for the detonation test setup -
and results. For a complete discussion of detonation tests see appendix G, J

AED Report 23-82.
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TABLE 21

PHASE 1 CONVERTED YELLOW D CRYSTAL PROPAGATION TEST

DONOR: Four M21A4 Tetryl boosters, 1360 grains total

SAMPLE TEST GAP PIPE WITNESS PLATE
NO. DATE SIZE  LENGTH DEFLECTION COMMENTS
13 1/11/82 0 3" 3/4"°
14 1/13/82 0 3" 117"

15 1/13/82 0 3" 1 3/32"
16 1/13/82 0 3" Penetration Hole diam = 1 3/8"

Sand 1/13/82 0 3" 1/4" Standard for comparison
13 1/13/82 172" § 172" 1/8* Pipe recovered, ruptured
14 1/13/82 172" 5 1/2° 1 3/32"

15 1/13/82 1/2* 5§ 1/2" 3/16"

15 1/14/82 1/2% § 172" /4"

16 1/13/82 172" § 1/2* 11/72° Kitness Plate, 5/8" crack
14 1/14/82 1/2* S5 1/2" 1/8* Pipe recovered, split

16 1/13/82 1/2* 5 1/2" 17/16

Yellow D 1/14/82 1/2°% 5 1/2% 11/8" Standard,

16 1/14/82 1 1/2* 5 1/2* none Pipe recovered, no
distortion
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TABLE 22

PHASE I1 CONVERTED YELLOW D LIQUID PROPAGATION TEST

DONORS: 6 1/2" Pipe - 4 ea M21A4 Tetryl! boosters, 1360 grains total
12"  Pipe - Comp 4, 284 grams (10 oz)

RUN DATE OF SENSITIVITY GAP PIPE PIPE WITNESS
NO. RUN TEST DATE SIZE DIAM (0D) LENGTH DEFLECTION/PENETRATION
1 4/23/82 5/24/82 0 11/4" 5 172" None
1 4/23/82 5/24/82 0 11/4" 5 1/2" None
1 4/23/82 5/24/82 0 1 1/8" 51/2" None
2 4/26/82 5/24/82 0 11/8" 5 1/2" None
2 4/26/82 5/24/82 0 1 1/4" 5 172" None
2 4/26/82 5/24/82 0 1 1/4" 5 1/2" None
3 4/27/82 5/24/82 0 1 1/4" 51/2" None
3 4/21/82 5/24/82 0 1 1/4" 5 1/2" None
3 4/27/82 5/24/82 0 1 1/4" 51/2" None
4 4/28/82 5/24/82 0 11/48% 5 1/2" None
4 4/28/82 5/24/82 0 11/4" 5 1/2" None
4 4/28/82 5/24/82 0 11/4" 5 1/2" None
5 5/19/82 5/24/82 0 1 1/4" 51/2" None
5 5/19/82 5/24/82 0 11/¢" 51/2" None
5 5/19/82 5/24/82 0 11/8" 51/2" None
6 6/14/82 6/17/82 0 1 1/8% 51/2" None
6 6/14/82 6/17/82 0 11/48" 5 172" None
6 6/14/82 6/17/82 0 1 1/48" 5 1/2" None
7 6/15/82 6/17/82 0 1 1/4" 5 172" None
7 6/15/82 6/17/82 0 1 1/4" 5 1/2" None
7 6/15/82 6/17/82 0 1 1/4" 51/2" None
8 6/15/82 6/17/82 0 1 1/48" 5 1/2" None
8 6/15/82 6/17/82 0 1 1/4" 5 1/2" None
8 6/15/82 6/17/82 0 1 1/4" 5 1/2" None
9 6/16/82 6/17/82 0 1 1/48" 5 1/2" None
9 6/16/82 6/17/82 0 11/4" 5 1/2" None
9 6/16/82 6/17/82 0 1 1/4" 5 1/2" None
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TABLE 22 (Cent'd)
PHASE II CONVERTED YELLOW D LIQUID PROPAGATION TEST
DONORS: 5 1/2" Pipe - 4 ea M21A4 Tetryl boosters, 1360 grains total
12" Pipe - Comp 4, 284 grams (10 oz2)

RUN  DATE OF SENSITIVITY GAP PIPE PIPE WITNESS
NO. RUN TEST DATE  SIZE DIAM (OD) LENGTH DEFLECTION/PENETRATION
10 6/22/82 6/17/82 0 1 1/4" 51/2" None

10 6/22/82 6/17/82 0 1 1/4" 5 1/2" None

10 6/22/82 6/17/82 0 11/8" 51/2" None

11 6/24/82 7/21/82 0 1 1/8% 5 1/2" None

11 6/24/82 7/21/82 0 11/8" 5 1/2" None

11 6/24/82 7/21/82 0 3" 12" 5/8" Deflection
12 6/28/82 7/21/82 0 1 174" 5 1/2" None

12 6/28/82 7/21/82 0 1 1/4" 5 1/2" None

12 6/28/82 7/21/82 0 3" 12" 1/2" Deflection
13 6/30/82 7/21/82 0 1 1/4" 51/2" None

13 6/30/82 7/21/82 0 11/4" 51/2" None

13 6/30/82 7/21/82 0 3" 12" 1 1/4" Deflection
14 7/2/82 7/21/82 0 1 1/4" 5 1/2" None

14 7/2/82 7/21/82 0 1 1/8¢ 5 1/2" None

14 1/2/82 7/21/82 0 3" 12" 9/16" Deflection
15 7/6/82 7/21/82 \ 1 1/4" 5 1/2" None

15 1/6/82 7/21/82 0 11/4" 5 1/2" None

15 7/6/82 7/21/82 0 3" 12" 5/8" Deflection
16 7/7/82 7/21/82 0 1 1/4" 5 1/2" None

16 7/7/82 7/21/82 0 1 1/8" 5 1/2" None

16 7/1/82 7/21/82 0 3" 12" 3/4" Deflection
17 7/8/82 7/21/82 0 1 1/48" 51/72" None

17 1/8/82 7/21/82 0 1 1/4" 5 1/2" None

17 7/8/82 7/21/82 0 3" 12" 9/16" Deflection
18 7/10/82 7/21/82 0 1 1/4" 51/2" None

18 7/10/82 7/21/82 0 11/48" 5 1/2" None

18 7/10/82 7/21/82 0 3" 12" 7/16" Deflection
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Picatinny Arsenal Sensitivity Tests

An interim status report was provided by Picatinny Laboratory at the
time of this report. Because the behavior of the reacted Yellow D after
long-term storage is unknown, the final sensitivity tests will be conducted
six months later. A complete test report, including the test results on the

aged sample, will be provided in February 1983 as a supplement to this
report.

Sample Preparation

The tests were conducted on three different samples, two iliquid
compositions and one solfd (powder) sample. One of the 1iquid samples
contained Yellow D reacted with n-butylamine. The other 11quid sample was
prepared by adding two parts of methanol by volume to one part of the Yellow
D/water/n-butylamine solution. The solid sample was dried in a vacuum oven
at 55°C for 24 hours before testing. The large chunks were crushed and the
powder sieved through a 20 mesh sieve to obtain a homogeneous sample.

Type of Test Conducted

¥ The following tests were performed on the samples: (1) impact
.- sensitivity, (2) friction sensitivity, (3) electrostatic sensitivity
S - (4) shock sensitivity, (5) differential thermal analysis, (6) explosion
- temperature. All six tests were made on the powders, and all but expiosion
| g temperature and friction tests were made on the 1iquids. Table 23 summarizes
;: the category of sensitivity tests performed on each sample group.
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TABLE 23

SAMPLE GROUPS AND CATEGORY OF
SENSITIVITY TESTS PERFORMED

SAMPLE 1.S. F.S. E.S. S.S. DTA ET
LIQUID A X X X X
LIQUID B X X X X
POWDER X X X X X X
NOTE:
Liquid A = Yellow D/water slurry reacted with n-butylamine
Liquid B = Yellow D/wuter slurry reacted with n-butylamine,
and diluted with methanol
Powder s solids obtained from evaporation of volatiles
from reaction product
I.S. =  impact sensitivity
F.S. = friction sensitivity
E.S. = electrostatic sensitivity
S.S. = shock sensitivity
DTA = differential thermal analysis
ET = explosion temperature
281
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Test Procedures and Results

The impact sensitivity of the powdered sample was determined using
the Naval Ordnance Laboratory (NOL) Type 12 impact tester. The apparatus
uses A 2.5-kg steel drop weight with a 30-mg sample resting on sandpaper
between two steel anvils. Drop heights corresponding to 50% and 10%
probability of initiation were used as measures of impact sensitivity,
The 50% initiation point was determined by means of the Bruceton
up~-and-down method. The 10% value was the minimum height, which resulted
in initiation of the sample in at least 1 of 10 trifals. The criterion
for initfation in this study was any evidence of burning or detonation
ohserved during impact or in the post-test examination of the sample.

The powdered sample showed explosive reactivity, having a 50% drop height
of 147 cm and a 10% value of 90 cm.

A Bureau of Explosives impact apparatus was used to ascertain that
the 1iquid samples were insensitive to impact. The apparatus consists of
a freefalling, 8-1b. hardened steel weight, a test sample holder, a steel
striker, and a steel anvil,

The drop weight was released from a preselected height and the
impact reaction determined. Insensitivity to impact is considered as
being no explosive reaction in 10 trials using the 8-1b weight at 30
inches. No reaction vas obtained in 10 trials.

The friction sensitivity test was conducted using the large-scaie
friction pendulum apparatus developed by ARRADCOM (formerly called
Picatinny Arsenal). The apparatus consists of a fixed steel anvil and a
weighted pendulum with a steel shoe. A 7-gram sample was placed on the
anvii and subjected to a series of glancing blows by the shoe. The
sample did not exhibit friction sensitivity. No reaction was obtained in
10 trials.,
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The electrostatic sensitivity test was conducted using an
approaching electrode apparatus. No reaction was obtained in 20 trials

at the 0.25 Joule level (0.02 microfarad capacitor charged to 5000 volts)

with either the powder or liquid samples.

A modified large scale gap test apparatus was used at zero gap to
assess the explosion senstivity of the sample. In this test, the
material was loeded into a 5.5-1nch-long steel pipe, with a 1.44 inch
inside diameter and a wall thickness of 0.218 inches. The bottom of the
pipe was closed with plastic tape. A donor (booster) explosive was used
to provide sufficient explosive shock pressure to tne test samples. The
donor consisted of two pentolite (50/50 PETN/TNT) peilets, each 2 inches
in diameter and ! inch long. It was placed on top of the pipe and
initiated with an electric detonator.

In these tests the criterion for an explosion was any rupture in the

0.375-inch mild-steel witness plate, which was placed at the end of the
steel pipe away from the point of initiation and separated from it by a
spacer 0.063 inches thick. No explosion was reported if the plate was
only distorted. (In standard evaluations the criterion for explosion is
formation of a clean hole in the witness plate).

Simultaneous DTA/TGA (weight loss) mezsurements were cbtained as a
function of temperature with a Mettler TA-2 tharmoaralyzer at a heating
rate of 10°C/min in static air. The thermogram for the powdered sample
revealed that the material underwent an endothermic reaction followed by
a large exothermic one. The exotherm started at 192°C and peaked at
241°C. The liquid composition, n-butylamine/methanol/Explosive D, had
four endotherms (one large endotherm followed by three smal) ones) and
two small exotherms, The thermbgram for the other 1iquid sample showed

only one large endotherm followed by two small exotherms.
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The explosion temperature test was conducted by immersing a copper
blasting cap containing approximately 40 milligrams of the powdered
sample to a confined state to a fixed depth in a molten metal bath.
Time-to-explosion was determined by measuring the time required for the
blasting cap to rupture. The temperature of the 5-second point is
usually reported. The 5-second value for the powdered sample was 279°C.
For comparison purposes, the 5-second valua for TNT is fn the range of
332°C and 353°C. (The 5-second value for Yellow D is not avajlable at
the prasent time.)

Summary of Test Results

An analyris of the zero time test data indicated that the 1iquid
samples would not present an explosive hazard if subjected to impact, nor
sustain an explosion if subjected to shock. Al though the dry powdered
sample exhibited explosive reactivity, the test data show that the dry
powder {s much less sensitive to shock than Yellow D. The data indicate
that an explosion in the powdered material might be initiated but would
not propagate or sustain a high order detenatfon 1f subjected to shock.
Test results are summarized in Table 24. For the detailed discussfon of
senstivity "2asts, see Appendix F, AED Report 23-82,
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TABLE 24

SENSITIVITY DATA FOR DESENSITIZED EXPLOSIVE D

(Zero Time)

Sensitivity Test

Results

Powder from
n-butylamine/
Explcsive D

Impact (ERL, Type 12)
50% firing height {cm) 137
10% firing height {cm) 90

Impact (Bureau of Explosives)
8 1bs at 30 in,

Friction

Steel shoe No reaction
Electrostatic

0.25 Joule 0/20

Shock (Large Scale Gap) Ruptured plate
DTA
Endotherm - onset (°C) 127

peak (°C) 139

onset (°C)

peak (°C)

onset (°C)

peak (°C)

onset (°C)

peak {°C)

085

Liquid from Liquid from
n-butylamine/ n-butylamine/
txplogive D Methanol /Exp. D

No reaction No reaction
0/20 0/20
No reaction No reaction
23 24
100 33
77
90
120
131
190
212
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SENSITIVITY DATA FOR DESENSITIZED EXPLOSIVE D

TASLE 24

(Cont'd)

Sensitivity Test

Exotherm - onset (°C)
peak (°C)
onset (°C)
peak (°C)

TGA (weight loss)
onset {°C)

108 (°C)

Explosion Temperature {°C)
S5-sec

(Zero Time)
Results
Powder from Liquid from Liquid from
n-butylamine/ n-butylamine/ n-butylamine/

Explosive D

192
24;

175
229

279

986

Explosive D Methanol /Exp. D

162 217
232 235
270 27
364 335
30 23
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Toxicology

A preiiminary toxicity study was conducted at Aberdeen Proving
Grounds. These tests have indicated a toxicity level for Yellow D of
approximately one hundreth as much as predicted by Gosselin (see
reference on page 2 of toxicity study plan). The approximate lethal dose
for a 150-pound person would be about 1/2 pound of Yellow D conversion
product, or between 1/2 ounce and 1/2 pound of Yellow D.

desides toxicity tests on the Yellow D conversion product and its
reactants (methanoi, n-butylamine and ammonium picrate), other related
tests were also performed. These were: skin and eye sensitivity;
approximate lethal dose; LD 50 by dermal, oral and intraperitoneal
administration; allerganic sensitization. The results suggest that direct
skin contact with the product and especially with n-butylemine itself
should be avoided, because of severe skin burns. Continyed exposure to
the fumes should alsc be avoided.

: - Because of the caustic nature of butylamine and the known toxicity
'f \ﬁﬁﬁé of methanol (both components of the Yellow D conversion product)

) additional tests were conducted to eliminate these factors. This was
done by separating the dissolved solids from the Yellow D product and
running toxicity tests on the resulting mass of mixed solids, without the
presence of methanol or n-butylamine 11quids.

Literature values for picric acid itself showed more toxfcity than
the preliminary volues for ammonium picrate and for the Yellow D
conversion product. The LD 50 tests took up to six weeks because the
approximate lethal dose (ALD) had to be determined first and because the
animals had to be ordered and acclimatized. Allergenic tests were
observed for eight weeks. A summary of toxic doses of Yellow D conversion
product is given in Table 25. For the detailed discussion of Toxicology,
see Appendix H, AED Report 23-82.
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TABLE 25

SUNMARY OF TUXTC DOSES PER Xg OF DOOY NEIGNT, OR TOXIC CONCENTRATIONS

PICRIC NTONT I '
Y0 FUEL RE10 PICRATE A-QUTYLAMING METHANOL
ALD oral 0.9 to 4 g {b) rat (0.00% to 0.08 ¢ (c) Mman) VY todg (d) humin
>3] ¢ (b} rat 0.6 ¢ (D) rat
AL - o A3 o K ]
“TTPRET L) 1)
L080 0.5 ¢ (a,4) rat
ors) 0.7 to 1.7 ¢ (b) rat 0.6 to 0.A 4 (b) rat
S R GRU A AN P R B AR A 11 S
5 (AT quTnea pig
0.9 (a) rabhit
LCo
Inhath, 4000 onm (a) rot
e 0.1 to 0.) ¢ (a) cot, reddit
orst quines olg

Derma! lrritation

10 mg/24n (2) radbit

4 Registry of Toxic Effects of Chemical Subsantaces, 1779 (NIOSH MO-111), Study Plan pg, 2

b This study.

d Clerek [nden.

NeTES:
WO Appreaimate lethal dose (per Xg of body wuiyht),
“Dlo towest Tuthal dose roported (per Xg nf dody weight),
L0 Lethal dose (per Kg body weigint) for S0% survival,
‘Co 'ethal concentration (such as for vapors),

¢ Predicted hy Gosselin --gee ng. 2 of study plan,
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Summary of Hazard and Safety Study

Hazard and safety studies were conducted by Aberdeen Proving Ground
(toxicolgy), Picatinny Arsenal (sensitivity test), and Tooele Army Depot
(preliminary sensitivity test).

Results from these studies verified that the product from the
reaction of Yellow D/water slurry with n-butylamine fs less sensitive
than pure Yellow D when it {s completely dried in a vacuum oven. An
attempt to produce dried material from the product by solar evaporation
failed to get the product completely dry.

The 11quid product was totally insensitive to impact, shock and
other sensitivity tests. Further sensitivity tests on aged converted
Yellow D are befng conducted by Picatinny Arsenal and results will be
provided at a later date.

Toxicology tests detected no more toxicity for. the conversfon
product than for the reacting components, i.e., Yellow D, n-butylamine
and methanol. Additional test results will be made available from
Aberdeen next year, concerning the long-range toxicity and mutagenic
tests on ammonium picrate and the converted Explosive D mixture.
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CONCLUSION

General N

ARRCOM tasked AED to investigate and develop a process which would
eliminate the solidification and plating of Yellow D on the equipment.

A literature review of past military, academic and civil work was
conducted, and six possible research approaches were formulated.
Laboratory work was carried out.. An approach was chosen from the results
obtained, and pilot plant studies were conducted. The product was
subjected to sensitivity tests, solubility tests, combustion tests,
toxicity tests, and effluent anaiysis. Briefly, the process cansisted of
reacting the Yellow D/water siurry with n-butylamine for one to three
hours at a reaction temperature of 70°C (158°F) which produced a slightly
viscous and colored oily substance. At the end of the reaction, methanoil
was added to produce a less viscous solution which coqld be then be
pumped into a furnace to be burned.

The following conclusions were made from the laboratory work and the e
subsequent pilot plant studies. These conclusions are presented here in -4
the order the subjects were discussed in the section on objectives and
1imitations.

Stability

The product has been observed for 3.5 months, and has been stable
during that time, meaning that the fuel is safe to store, is not
explosive in 11quid form, and burns well after storage or without
storage. The chromatographic pattern exhibited by the product changes
gradually with time, as the undecomposed picric acid mofety continues to
ba degraded. These changes are slow after the initial reaction period;
the chromatrogram after three weeks was nearly the same as after 3.5
months. The explosive character is due to the nitro groups in the chemical
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structure. The nitro group is continuously decomposing, mainly because
of the presence of excess n-butylamine. For details, see Weak Base
Reaction in the Experimental Work section under Technical Discussions.
Because the change that does occur is due to continued degradation of
picrate and other explosive components, the product sensitivity will be
tested again after one year to compare the detonation sensitivity.

Detonation Sensitivity

The 1iquid product does not detonate in zero gap tests. The solid
residue after evaporation of volatiles is much less sensitive in impact
tests (about 30% less) than Yellow D or TNT., If the solid is further
heated in a vacuum for 24 hours at 55°C and crushed, the residue remains
less sensitive than Yellow D or TNT. See Picatinny sensitivity test
results in the Hazards and Safety section for details.

Combustion Effluent Analysis

The flue gas from combustion of the product is clear and colorless,
and contains less than 5 ppm of NO or NOx. Carbon monoxide is about 1%.
See effluent gas analysis in Hazards and Safety section, for detailed
discussion.

Compatibility to Materials in the Handling Equipment

The 11quid product and the solid residue after evaporation of
volatiles are compatible with the materials recommended for use in the
handiing and storage equipment over a temperature range of -15°C to 70°C.
As discussed in this report, some other materials are known to be
especially incompatible with the reagents (n-butylamine and methanol)
used in this process. See process equipment in Pilot Plant Study
section, for detailed discussion.
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Solubility i

The product remains 1iquid and does not plate solid onto the surface
of equipment over the temperature range -15°C to 70°C. A saturated
sotution of Yellow D at any temperzture will crystallize out a coating 1f
that temperature is lowered in the presence of seed crystals. Thus the
lack of saturation was proven for the product by lowering the temperature
in increments with seed crystals added. In each case the seed crystals
dissolved, without initiating further crystailization.

e e e

Engineering Parameters

Engineering process parameters are provided in this report based on
data obtained from the pilot plant studies. Details of the engineering
parameters, and handling precautions are given in an earlier section of
this report.

Independent Evaluations

Picatinny Arsenal conducted the sensitivity tests and gave genersl \ v~
approval of the process procedure. The Ammy Environmental Hygiene
Agency animal testing laboratory supplied the toxicology report. Results
of the chromatographic analysis for effluent gases were reported by the
chromatography laboratory team from Brigham Young University. The
product was fnsensitive to detonation and no more toxic than the starting
components. The combustion effluent contained near zero NOx and about
1% carbon monoxide.

Standard Operation Procedure (SOP)

SOP's for the pilot plant study and the burning test were developed ‘
based on the findings of this study. For further details, see AED Report |
Mo. 23-82, Explosive D Solvation/Conversion Project.
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RECOMMENDATION

This report describes a process in which Yellow D/water slurry is
reacted with n-butylamine and diluted with methanol. The final product
1s a non-detonating but burnable fuei. The simplicity and safety of the
conversion and its ability to hold the converted explosive in solution
have been demonstrated.

If no other viable methods exist for disposal of Yellow D, the
chemical conversion process developed by AED should be implemented in

future Yellow D demil projects.
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ABSTRACT

A technique for desensitization and conversion of waste Explosive D to a
combustible but non-detonable fuel has been developed. Explosive D (ammonium
picrate) was reacted with n-butylamine at 75°C for one hour, then diluted
with methanol. The resu!tThg product was burned in a commercial burner,
generating 253,000 BTU/gal of energy. Production rate of processing 65
pounds of Explosive D per hour was achieved.
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Presented at the Twenty-First DOD Explosive Safety Seminar

A Houston, Texas
i August 1984
‘ AN EVALUATION OF THE SEPARATED BAY CONCEPT FOR A
& MUNITION ASSEMBLY FACILITY
S. A. Kiger
USAE Waterways Experiment Station, Vicksburg, MS
. L. L. Skeen '
Mason and Hanger Engineers, Pantex, TX o
CPT R. D. Volz )
US Army, Fort Sill, OK
Abstract
The Department of Energy (DOE) Murition Assembly Complex, Building 12-64,
located at Pantex, TX, uses the separated bay concept to isolate adjacent bays
s from one another. Tests were conducted by the US Army Waterways Experiment
\‘jf' Station (WES) to investigate the possibility of an accidental explosion in one

bay propagating to an adjacent bay, and to collect data that can be used to
improve future designs of this type. Tests, simulating an accidental explo-
sion, were conducted in a full-size donor bay with a partially completed
adjacent acceptor bay, and in a 1/2-scale donor bay with complete adjacent
acceptor bay, access tunnels, and blast doors.

Data from these tests indicate that the separated bay concept is a cost-

effective way to insure the safety of adjacent bays in case of an accidental
explosion. Validation of the separated bay concept has resulted in signifi-
cant cost savings for the current expansion project at the DOE Pantex facility, i
and should result in more cost-effective designs for similar weapon storage e

and assembly facilities in the future.

Introduction

The DOE is planning an expansion program at its weapon assembly facil- "

ity at the Pantex plant. The new Assembly Bay Complex is designated as
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Building 12-84. The existing Assembly Bay Complex, known as Building 12-64, .
employs a concept used for weapon atorage magazines where adjacent individual
bays are separated by carth fill. The distance between adjoining bays is
approximately equal to 2.0 times WI/S » where W 1is equal to the actusl
weight of explosive contained in each bay. The two methods of construction
being considered for Building 12-84 are '"common-wall' bays and bays separated
by earth fill similar to the existing Building 12-64. Adjacent bays in the
common wall facility would be separated by heavily reinforced concrete walls
designed using the methods prescribed in TM 5-1300 (Reference 1). High explo-
sive tests were necessary to demonstrate the safety of the separated bay con-
cept before this design could be adopted. These tests and their results are
described in this paper. The tests were sponsored by the Amarillo Area Office
(AAO) of the DOE, and were conducted by WES personnel. The program was mcni-
tored by Mason and Hanger--Silas Mason Co., Inc., the operating contractor for
the DOE Pantex plant. The test plan and specifications (Reference 2) were
prepared by Gibbs and Hill/Ammann and Whitney, a joint-venture firm, under
contract to the DOE to design Building 12-84. Detailed descriptions of the
tests, material properties, and test data are given in Reference 3.

The purpose of the test program was to verify the adequacy of the earth- ,q}}u
separated bays and unlaced wall reinforcement used in the design of Build- iﬁﬁi
ing 12-64. Validation of this design concept would allow continued use of
present facilities as well as future construction of separated assembly bays.

The effects of gravity cannot easily be scaled; therefore, in order to
investigate the breakup and fragment distribution of the reinforced concrete
roof, where gravity effects are important, it was necessary to conduct a full-
scale test. Blast pressures and structural response of bays adjacent to an
accidental explosion can, however, be evaluated using smaller, less expensive,
scale models. Thus, the test program was divided into two phases. In Phase I
the test structures were a full-scale model of a donor bay, in which a high
explosive was detonated to represent an accidental explosion, and a partial
acceptor bay, used to evaluate damage to an adjacent assembly bay. In Phase
II the structures were one-half-scale models that included two complete
assembly bays, two partial bays, three air locks, and a retaining wall and
ramp. Soil was placed as backfill between the donor and acceptor bays. The
soil was selected and placed according to specifications that modeled the
stiffness of the s2il at the prototype facility at the Pantex plant.
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Construction Procedures

All tesats were conducted at Camp Shelby, MS. A site layout for both
phases of the experiment is shown in Figure 1.

Construction procedures for Phase I followed as closely as possible the
"as-built" design drawings for the existing Building 12-64 at Pantex, TX.
Material properties for reinforcing steel, concrete, and backfill approximated

those used in and around Building 12-64. To reduce cost, the rectangular con-
crete air lock entryway used in the bays at Building 12-64 was replaced with a
9-ft-diameter corrugated metal pipe. The cross-sectional area of the pipe ap-

pProximated the area of the door openings in the Pantex structures. Figures 2,
3, and 4 are plan and elevation views of the Phase I test structures showing
instrumentsation and charge placement. A more complete description of the struc-
tures and details of the instrumentation are given in Reference 3. The roof of
the donor bay was designed to hinge upward and vent gases produced by an inter-
nal explosion. The roof was 1.5 ft thick at the walls, tapered to 0.75 ft in

the center, and was covered with 2 ft of soil. Heating, ventilating, and air

L ey e e o o e - -

conditioning (HVAC) ductwork and a roof vent were included in the model.
The acceptor bay structure was one-third of a prototype bay adjacent to :
the donor bay. The bay wall facing the donor bay and its HVAC ductwork were

o™

identical to those in Building 12-64. The floor slab was extended and its

5
.

‘.‘i.‘ XK

e
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footing deepened to minimize relative motion between the two bays.

A L g

A1l structures in Phase II were one-half scale models of the Build-
ing 12-64 structures. There were two complete assembly bays with air locks,
two simulated bay roofs, another air lock, and a retsining wall with a ramp
connecting the three air locks. A plan view of the Phase Il structures is
shown in Figure 5. The donor bay is in the center of the figure with the

acceptor bay to the left. Elevation views are shown in Figures 6 and 7. Note

h-
.
:
‘.
I\
:
=

that in Phase II the air locks, including blast doors, are accurate one-half-
scale representations of the prototype Building 12-64 air locks.

The prototype air locks function as entrance tunnels to the bays and are

equipped with two sets of blast doors, one set at the bay entrance and the

other at a bulkhead in the air lock approximately 5 ft from the retaining wall.
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For the purposes of the test, the blast doors at the donor and acceptor bay

v r
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entrances were assumed to be open and the doors at the bulkheads to be closed.

Nout §

2

Thus, the air locks leading to the donor and acceptor bays were equipped with

et
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model blast doors at the bulkheads near the retaining wall but the bay en-
trances were not equipped with doors. The southernmost air lock differed from
the others in that it had no doors at the bulkhead and the bay entrance was
closed with a 1/2-in.-thick steel plate. This air lock represented a situation
in which the first set of doors at the bulkhead were left open while the second
set of doors at the bay remained closed.

The three air locks were connected by a retaining wail and ramp struc-
ture as shown in Figures 5 and 7. The wall was connected by rebar dowels to
the footing, the three air locks, and the ramp slab. The roof and west wall
of the ramp were framed with steel S shapes and channels. Both the roof and
wall were covered with 13/16-in.-thick cement-asbestos panels with an addi-
tional layer of corrugated sheet aluminum on the roof.

Two concrete slabs shown in Figure 5 were placed to the east and south
of the donor bay to simulate the roofs of zdjacent bays in the prototype
structure.

HVAC ductwork was modeled to evaluate possible blast leakage into the
acceptor bay and to properly model the vent area in the donor bay. The
"penthouse"” in which the actual HVAC mechanical equipment was located was
modeled with a concrete slab representing the floor slab of the equipment
room.

A view of the test site showing the Phase I (in the background) and
Phase II (in the foreground) structures just before testing is shown in

Figure 8.

Experimental Procedures

In Phase I, a 300-1b cylinder of PBX 9501 was used as the explosive
charge. The charge weight equaled the explosive weight limit of the bay and
was placed near the wall adjacent to the acceptor bay. The center of the
charge corresponded to the center of a 390-1b sphere of TNT whose surface is
3 ft from the wall and 2 ft from the floor. In Phase II, a 37.5~1b cylinder
of PBX 9501 was placed one-half the distance of the Phase I charge from the
wall and floor. Using cube-root scaling, the Phase II explosive charge was a
one-half-scale version of the Phase I charge. The charges were constructed at
the DOE Pantex plant. Supporting calculations for performance of the PBX 9501

explosive are given in Reference 4.
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Test Results

Phase 1 S
An overall view of the Phase 1 donor bay immediately after the test is 9

shown in Figure 9. The roof slab broke into two major fragments which im-

pacted to the east and west of the donor bay. The north wall completely

separated from the floor and the east and west walls and fell back onto the ;i;i
bay floor. The east wall was displaced and rotated away from the center of ‘!’1
the bay, and the corrugated entrance pipe was destroyed. The south and west ;ﬁﬂﬁ
walls suffered much less damage. j%f%ﬁ

The two roof slab fragments, each approximately 9 by 31 ft, impacted i?ff
104 ft to the east and 102 ft to the west of the bay. Analysis of high-speed zi;f—

photography revealed that the major roof fragment on the west side of the bay
achieved a terminal velocity of 52 fps.

Two other parts of the test structures produced fragments: the concrete
slab covering the entrance pipe, and the HVAC slab. The concrete slab cover-
ing the entrance was fragmented by the explosion and produced fragments with a
typical size of 8 by 4 by 3 in. Fragments from the slab were measured as far
as 365 ft east of the structure. Other fragments were observed at distances
up to 1,200 ft but were not mapped since the slab was used to represent door
mass, not to provide accurate blast door fragment information. Approximately

one-half of the HVAC slab was broken into fragments. Eleven pieces, each

weighing more than 50 1b, were thrown as far as 279 ft to the north of the
structure.

B Individual fragment locations and fragment grid areas are shown relative

e ;“~ :; to the Phase I structures in Figure 10. The figure shows the locations of all T
£ fragments which impacted outside of the five grids (E, E', W, w, and W'). The "iﬂi'
- fragment content within these areas was too dense to produce a legible map. '.'
Grids E, W, and w represent the east and west backfill slopes. Grids E' and
W' were impact areas for the two major roof slab fragments. Details on frag-

EU- S -:ﬁ ment distribution within the five grids can be found in Reference 3.
;

b ,__-; The Phase I acceptor bay suffered minor wall cracking and sustained a
X }ﬂ rigid body motion. The largest crack in the wall was approximately 0.04 in. .
;i : if wide and was located 13 ft from the east wall and 11.5 ft from the floor. The {
. :& crack pattern for the entire wall is shown in Figure 11. With the exception fy
- of the area in the four grid squares near the center of the wall, the cracks if
- 1005 ’ -
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were of hairline width. Rigid body displacement of the acceptor bay was
3.63 in. away from the donor bay with a rotation of 0.7-deg. The maximum per-
manent deflection of the accepter bay wall was approximately 0.6 in.

Phise 11

Figure 12 shows a posttest view of the Phase II donor bay. The roof
disengaged during the test, with the east half separating and becoming a
missile while the west half remained attached to the bay. In general, the
north and south walls were the most heavily damaged, with extensive cracking
and rotation near the corners in addition to spalling at the base of each
wall. The east and west walls exhibited relatively minor vertical cracking
but were also spalled near the base.

The roof separated in the center and opened in accordance with its de-
sign philosophy. Three planes of failure developed in the roof, all along a
north-south axis. These failure planes included the center line of the roof
where there was no reinforcement and the intersection of the roof with the
east and west walls. The east half of the roof completely separated from the
bay, while the west half remained attached to the bay and was folded over to
the west side (Figure 12). Since fragment distribution from this one-half
scale test does not scale, it is not discussed here. Details are available in
Reference 3.

Damage to the Phase II acceptor bay was primarily limited to the south
wall cracking shown in Figure 13. Most of the cracks shown were of hairline
width. The maximum permanent deflection on the south wall was approximately
0.6 in., and rigid body displacement was about 0.8 in. away from the donor bay.

Significant damage occurred to the donor bay air lock 2nd to the exterior
ramp. All other appurtenant structures were either undamaged or suffered very
minor damage. An overall posttest view of the ramp and Phase II structure is
shown in Figure 14. All of the cemesto board on the walls, and virtually all
of it on the roof, were destroyed during the test. The bulkhead, doorframe,
and blast doors were completely removed from the donor bay air lock. In both
phases, most of the venting took place through the air lock, not through the
roof. The relatively massive roof was too slow to open, and the blast door

bulkheads and blast doors became major fragment hazards.
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Cost Evaluation

Just prior to completion of this test program, a facility consisting of
seven assembly bays, a linear accelerator bay, and a support area was con-
structed at the DOE Pantex plant. The bays were designed with common back ard
side walls using structural design methods from TM 5-1300 (Reference 1) with
allowable support rotations of 2 deg. The roof and air lock doors were de-
signed for controlled venting, as they are in the earth-separated bay design.
Based on actual bid prices, the estimated cost per typical bay for common wall
construction is $1.2 million.

After completion of this test program, two additional facilities were
designed and are presently under construction. One of these facilities con-
sists of 11 assembly bays, a linear accelerator bay, and a support area. The
other congists of 9 assembly bays and a support area. The bays were designed
with earth-separated bays using results from this test program. Based on
actual bid prices, the estimated cost per typical bay for an earth-separated
bay is $0.7 million. Thus, the separated bay design resulted in a reduction
in cost per bay of $0.5 million, or 40 percent.

There are pertinent factors which should be considered in this cost
evaluation. Competition among contractors was keener when the earth-separated
bays were bid. The prevailing interest rates were higher when the common-wall
bays were bid. These factors indicate that the actual cost reduction is less
than indicated above. Nonetheless, it is obvious that a significant cost re-
duction has been achieved and that the cost of the test program has been offset
manyfold by the cost savings achieved on the facilities currently under

construction.

Conclusions and Recommendations

The earth-separated bay configuration is a cost-effective design for
munition handiing facilities. Cost savings of approximately 40 percent were
realized compared to common-wall designs for the same accidental explosion
threat.

Ground shock, airblast, and structural response imparted to bays sur-
rounding a bay in which an accidental explosion occurs are well within accept-

able levels. However, significant fragments were produced from the donor bay
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roof, blast doors, and the reinforced concrete bulkhead supporting the blast

doors. Therefore, some design changes are recommended for any new facilities
to be constructed.

The design of new facilities can correct the problems identified in
Building i2-64 with relatively minor modifications. The roof steel should be
modified by meking the principal reinforcement continucus in each part of the
roof and including vertical stirrups to prevent the reinforcement from pulling
out of the roof slab, thus preventing the disengagement of the roof. Since
much of the early venting occurs through the air lock, enlargement of blast
doors would allow quicker venting of the donor bay and, thus, less impulse on
the roof and walls. The reinforced concrete bulkheads supporting the blast
door assembly should be redesigned or eliminated to prevent failure and, thus,
prevent the fragment hazard they cause when they fail. A wall, berm, or frag-
ment trap should be included to stop fragments projected through the air lock.
The reinforcing steel details at the corners of the bay rould be improved to
decrease structural damage and motion and, thus, reduce loads transmitted
through the soil to adjoining bays.

There are a few construction features used for the existing Building 12-
64 Complex that will not, or should not, be used in any new construction. r?vfa
Rebar mats should not be welded because welding reduces rebar ductility. ‘d:j’
Grade-40 rebars are no longer generally available for construction; using
Grade-60 bars will result in a stronger structure and less structural damage
in case of an accidental explosion. There should be no rebar laps in the roof
because the large roof rotations will cause failure at the laps. Use of a
noncohesive sand backfill material between the bays should be continued in any
new construction because this material rapidly attenuates soil stress. In
general, the separated bay concept has been validated, and is strongly recom-

mended for new construction.
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Figure 1. Test site layout
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EXPERIMENTAL VERIFICATION OF THE CONTAINMENT CAPABILITY
OF A STEEL LINED CONCRETE MAGAZINE

Louis A, Becker

David Taylor Naval Ship Research and Development Center
Bethesda, Maryland

ABSTRACT

The David Taylor Naval Ship Research and Development Center operates
a small explosives range at its Bethesda, Maryland site., The site at Beth-
esda is so small that explosive storage cannot comply with current Explosive
Safety Quantity Distance (ESQD) arc requirements and therefore explosive
storage requires a waiver of the ESQD requirements. Long range plans for
the Center include several new buildings within 125C feet of the explosives
magazines, These sites were not approved as they were inside the ESQD arec,
Safety requirements allow a considerable arc reduction if evidence exists to
show that a magazine accident will be contained, This paper describes a
test program which shows that the Center's magazines can be modified to con-
tain an accidental mass detonation of a fully loaded magazine, As a result
of this work, approval for a reduced arc has been given., This means that
site approval for all new building at the Center is no longer tied to
the explosive safety arc,

INTRODUCTION

The David Taylor Naval Ship Research and Development Center conducts
research on naval ships and high performance vehicles. This research is
conducted at two principle sites (one at Bethesda, Maryland and one at Ann-
apolis, Maryland) and at several detachments located throughout the country,
A portion of the research deals with the response of vehicles to explosive
loads, Most of this work is done by the detachment located in the Norfolk
Naval Shipyard, but a limited amount is also done on a small range at the
Bethesda site, That small range is the subject of this paper.
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THE PROBLEM

The site at Bethesda is made up of about 180 acres located in Montgomery
County, Maryland. It is on the banks of the Potomac River just north of the
District of Columbia. When dedicated in 1939 it was in & remote area of the
County and the thcught of an explosives range was very plausible, The range
has a large test pond for underwater explosives testing, a research pit for
for limited air blast work and a storage magazine. When built, the area con-
formed to all current safety standards and was located in a remote part of
the site,

As the years went by, new buildings were erected at Bethesda., Some of
these were placed reasonably close to the explosives test area but still
safely outside the prevailing safety arcs, In the mid 1970's, a dramatic
increase in the required safety arc was made, resulting in a new safety arc
which encompassed several existing buildings, see Figure 1, This posed a

Figure 1 - Bethesda, Maryland Site Plan

minor problem for the Center in that it was necessary to obtain a waiver

to permit storage of explosives closer than 1250 feet from an inhabited
building, Part of the terms of the waiver reduced the storage limits to

100 pounds of high explosives and limited the individual shot size to

three pounds, These limitations have caused the Center very few problems,
Because of the waiver, no new construction is allowed inside the 1250

foot ESQD circle, however, Long range plans at the Center call for the
siting of several new buildings inside the present ESQD circle and therefore
this new construction limitation does cause the Center some problems,

The building sites included in these long range plans are shown in Figure 2.
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Figure 2 - Future Building Sites at Bethesda

THE SOLUTION

The best solution to the dilemma of how to site new construction
to conform to the master plan without giving up the explosives testing
capability is contained in the safety regulations themselves. These re-
gulations state that distances less than 1250 feet may be used as an ESQD
arc if the explosive items stored weigh less than 50 pounds per magazine
and evidence exists to prove that each magazine will contain all blast
fragments and debris, should an accident occur.

The arrangement of the storage magazines at Bethesda is shown in
Figure 3. There are five reinforced concrete boxes, each four feet high

SECTION A-R STEH BRATE - S I SLOPHIS RENNFORCED CONCRETE WALL

¥ AHEHONCED
CONCRETE WALL ~

Tor view

g MRFONCED CONCAETE WALL ¥ SLOPIE RENSFSACED CURCRETE WALL

Figure 3 - Magazine Arrangement at Bethesda
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and three feet square, Each magazine is separated from its neighbors

by five and one half feet of conpacted fill., The top, bottom, and rear

of each magazine is alsc covered with compacted fill, The front of each
magazine has a sliding door made of wood clad with sheet steel, The doors
are designed to blow off immediately in case of an accidental explosion,

A wall in front of the doors is designed to stop the flight of the doors
as well as to deflect the blast upwards in case of accident, The limits
for each magazine were, 50 pounds of high explosives in magazines 1 and 5,
3000 detonators in magazine 3, and miscellaneous Class C material in mag-
azines 2 and 4,

The future test needs of the Center were examined and it was decided
that these needs could be met if a limit of twenty five pounds of high
explosives was assigned to magazines 1, 3, and 5. This would require
storage of all Class C material in magazine 2 and all detonators in mag-
azine 4, With this change in mind the magazines were analyzed to see
what effect a 25 pound blast would have on the magazines. Preliminary
examination showed that the dirt cover would be sufficient on three sides
for containment but that, even with the door blowing completely off immed-
iately after the explosion, the dirt cover on top of the magazine is too
thin to prevent failure of the roof. This failure would result in a shower
of rock, dirt, and concrete pieces for a considerable distance., Further
analysis indicated that the problem could be solved by adding a one inch
steel liner inside the magazine, installing a blasting mat on top of the
magazine and adding two feet of dirt to the top of the magazine. Prelimin-
ary discussions with the safety people from the Naval Sea Systems Command
indicated that they would recommend use of a lesser arc if we could demon-
strate containment of an accidental explosion in a magazine modified as
Jjust described,

THE EXPERIMENTAL PROGRAM

To demonstrate containment, an experimental program was conducted
at the Aberdeen Proving Grounds in June 1982, As already stated, calcul-
ations indicated that a one inch liner inside the magazine would contain
a 25 pound blast. Since numerous assumptions had to be made during the
calculations, it was decided to increasc the liner to two inches. The
liner was constructed of two inch medium steel plates welded together
at the corners, It was designed to fit snugly inside the magazine, Fig-
ure 4 shows the liner that was used,

------------
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Figure 4 -~ Magazine Liners

The angles shown in the figure were used to hold the steel clad
door in place, The door used in the test was identical to the actual
doors and provided the same blast resistance, but in the interest of cost,
no attempt was made to to have the door slide., The door was mearly bolted
in place for the test program. In addition to the steel box, a six inch
thick concrete slab, three foot by four foot was cast, The slab was not
reinforced except for some temperature steel and some handling hooks. The
slab was set on top of the steel box to simulate the top of the concrete
magazine, It must be realized that this arrangement is much weaker than
the reinforced concrete box which forms the actual magazine, so this test
is more severe than if the actual magazine had been used.

The steel box with the concrete slab con top was set up on a range
at Aberdeen, Dirt was piled up at least three feet around the box, but
was not compacted. A blasting mat was placed over the top of the box,
One problem existed with the test set up, In the actual magazine modif-
ication the blasting mat will lay on a grating with a retaining plate
along the front edge. Thus it will be possible to get the full dirt
coverage up to the front edge of the magazine, In these tests however
there was no such retaining plate available to keep the dirt in place
and therefore dirt fell away from the front edge of the box, This re-
sulted in less than full earth cover on the front edge of the box and
therefore produced a more severe test condition than in the actual mag-
azine, This test set up is shown in Figure 5,

.....

.............
--------



Figure 5 - Test Area Before the Shot

Since the magazine storage limit will be 25 pounds of high explo-
sives, a 25 pound pentolite cylinder was used for the tests., It was
placed eight inches above the floor of the steel box on a plywood table,
A J-2 detonator was placed in the charge and the wooden door was set in
place. The test results were recorded using two motion picture camaras
running at 2000 frames per second,

Detonation of the 25 pound pentolite cylinder produced a large fire
ball which destroyed the door and blew some dirt from méund near the
front of the box. This would probably not have occurred if a retaining
plate and the full earth cover had been used. In addition, examination
of the movie film showed two objects leaving the fire ball. We believe
these were parts of the door that were not consumed by the fire ball,
This was confirmed by a post test check of the area near the test site.
Two pieces of plywood from the door were picked up., Nothing else was
found during the post test area check, and nothing else could be seen
leaving the test area in the movies. The two pieces of wood were not
considered a problem because the grating and blasting mat would have
contained the door pieces, had the blast occurred in the magazine.

After the shot the area around the box was carefully examined.
All the dirt was still on the mound, except for the small amount in the
front that was just discussed., The dirt on the mound appeared undis-
turbed. There was no evidence that anything had breached the dirt mound.
The concrete slab had failed and pieces of concrete were found on the
ground in front of the steel box., All the concrete was confined to an
area within 25 feet of the front of the box as shown in Figure 6. The
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Figure 6 - Test Area After the Shot

entire steel box remained inside the dirt mound, The dirt did not appear
disturted in any direction a foot or more from the box, The plates that
made up the box were all in tact although some of the welds had broken,
This is shown in Figure 7. The test area in front of the box was care-
fully checked for debris but none was found except for the two pieces

of the door already discussed,

Figure 7 - Magazine Liner After the Shot

1025

25,




ANALYTICAL VERIFICATION

Based on these tests, a request for reduction of the required ESQD
arc at the Center was sent to the (laval Sea Systems Command. Before
approving this request, NAVSEA felt the need for an independent analysis
of the magazine problem. This analysis was done by Mr. W. A. Keenan of
the Naval Civil Engineering Laboratory at Port Hueneme. In his analysis
Mr. Keenan celculated the reflected shock impluse and the gas impulse,
The results of these calculations are shown in Table 1, Using these re-

MFLECTED SHOCK RAPULSE
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STRUCTURAL| W [} fn [} » L1y \ % (N .L !'" i
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SOTWALL | 28 | 38 |68 |18 las7[vea oTs[asaoi7 o] 200 [1100] 8
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NOOF nu l 148 3078 || o+ CONSERVATIVE SASED ON NCEL CITENA

Table 1 - Impulse Calculations

sults, the dynamic response of the box was then calculated and compared
to the derlections that would be expected at failure of the box., This
comparison is shown in Table 2, The results of the analysis show that
the roof was very near failure and the sides of the box should have fail-
ed, These calculations are consistant with the field results. As a re-
sult of this study, It was recommended that the steel liners be made
slightly smaller than the concrete magazine so that the steel box could
deflect without striking the concrete, thus reducing the damage to the
concrete anc¢ producing less concrete debris and rubble, This recommend-
ation has been incorporated into the magazine mecdification,
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Table 2~ Dynamic Response of the Box

FINAL DISPOSITION

A3 a2 result of this program, a reduction of the ESQD arc at the
David Taylor Naval Ship Research and' Development Center has been approved
by the Departinent of Defense Explosives Safety Board pending completion
of tne megazine moditications described in this paper., Those modifications
have been completed and we are now operating under the new arc. We are
very pleased with the outcome of this program and its effects on our
operations., However the real reason for sharing it with you is that it
provide an experimentally verified data point of a very simple structure
5 ~h can be used to check any future magazine response programs that
a. < developed,
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ABSTRACT FOR THE

TWENTY-FIRST EXPLOSIVE SAFETY SEMINAR

"Structural Design for Blast-Containment Facilities"
by
J. T. Baylot, S. A. Kiger, J. W. Ball

US Army Engineer Waterways Experiment Station
Vicksburg, Mississippi

A 1/4-scale structural model was designed to represent a maintenance
bay in a large munitions storage complex. Following construction, the model
structure was tested by detonating a high explosive inside it, simulating
the accidental detonation of a stored weapon. Two tests were conducted on
the model. The model survived the first test with only minor structural
damage. Before the second test, the inside of the maintenance bay model was
coated with a sealant which was at least partially combustible. The burning
of this combustible material produced a significant increase in the quasi-
static gas pressure inside the maintenance bay and caused structural failure .
in the second test. These data indicate that the structural design used in
this test is adequate to contain an accidental explosion. However, an added
factor of safety could be obtained by strengthening the corner reinforcement

detail where the maintenance bay roof connects to the walls. i

S
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STRUCTURAL DESIGN FOR BLAST-CONTAINMENT FACILITIES

by

J. T. Baylot, S. A. Kiger, J. W. Ball

US Army Engineer Waterways Experiment Station
Vicksburg, Mississippi

Introduction
In large weapon-handling facilities it is often necessary to have a

maintenance room which would contain the effects of an accidental high-
explosive (HE) detonation. If chemical, biological, or nuclear weapons are
being maintained it is extremely important that these contaminants not be
allowed to escape to the atmosphere or into other parts of the storage facil-
ity. In order to contain these contaminants, the structure must be designed
elastically or to sustain only minor structural damage during an accidental
detonation.

A containment structure can be designed using very conservative design
procedures; however, such a structure would be relatively expensive. A more
economical structure can be designed using a less conservative design proce-

dure. The design of the structure can then be verified by testing a scale

model.

Scope

An adequate, but not overly conservative design for a blast containment
reinforced concrete structure is described. This structure reprecents a wea-
pons maintenance bay and will contain the blast pressure and late-time gas
pressure from the detonation of 256 1lb of TNT. Verification tests (Refer-
en~e 1) were conducted on the 1/4-scale structural model shown in Figure 1.

Results of two internal blast tests and three static pressure tests are

discussed.

Structural Design
Since a 1/4-scale model was constructed and tested, all design calcu-

lations will be for the model. Detailed design calculations are provided in

Reference 1. To obtain approximate prototype dimensions, times, forces,
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pressures, and charge weights, multiply by 4, 4, 16, 1, and 64, respectively.
Note that gravity effects (weights) are not accurately scaled in the model.
However, the added stresses due to gravity in the prototype will help hold
the structure together during an internal explosion. Thus, results from the
model tests will be design conservative. All calculations are for dynamic
loads only; dead and live load effects are not included.

The structural model was designed to contain the effects of the in-
ternal detonation of a 4-1b TNT sphere. A 20-perceant safety factor on charge
weight was used for design calculation purposes. This gives a design charge
weight of 4.8 1b. The design location for the center of the charge was
7.5 in. above the floor and the charge could be located no closer than
1.61 ft from any of the four walls. Each structural element was designed for
the worst possible charge location for that element. |

The structure was designed to resist the airblast pressure from the
detonation plus the gas pressure caused by combustion byproducts and heating
the air in the room. The peak gas pressure is a function of the ratio of
the charge weight to the volume of the room. This pressure was determined
from the Suppressive Shields Handbook (Refterence 2). For a charge weight-
to-volume ratio of 0.005 1b/ft3, a gas pressure of 46 psi was determined.

Since the maintenance bay is completely enclosed, the gas pressure
will not vent; therefore, its duration is long compared to the period of the
structural elements. Thus, the structure was designed to withstand both the
impulsive blast pressure and static gas pressure of 46 psi.

The blast loads on the end walls and roof of the structure were com-
puted for several different charge locations. The average blast impulse
load on the end wall for each location used was 421 psi-msec, and the aver-
age blast impulse load on the roof slab for each location was 188 psi-msec.
Blast loads were calculated using the computer code described in Reference 3
and are the average impulse loads on the element being analyzed. These loads
include the effects of reflectious off of the other walls, roof, and floor.

Duration and pressure associated with the blast impulses were computed
using the procedures from THM 5-1300 (Reference 4). The duration of this pres-

sure pulse is given by:
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t, = (tA)F - (tA)A + 1.5 (to)l-' (1)
where
t, = Duration associated with blast impulse
(tA)F = Arrival time of blast at point on wall (roof) farthest from
charge
(tA)A = Arrival time of blast at point on wall (roof) nearest to charge
(t‘o)F = Positive phase duration of pressure pulse at point on wall

(roof) farthest from charge

(tA)F, (tA)A, and (t.o)F were determined from Figure 4-12 in TM 5-1300
(Reference 4).

The duration of the blast pulse for the end wall was calculated based
on a charge location 7.5 in. above the floor and 1.61 ft away from the center
of the length of the end wall. For the roof slab, the charge location was at
the center of the room 7.5 in. off of the floor.

The blast pressure durations for the end wall and roof slab were 3.00
and 7.28 msec, respectively. The peak pressure associated with the impulse

was approximated by:

(2)

r"N
-t

]

The average peak blast pressures for the end wall and roof slab were
281 and 52 psi, respectively. It was assuned that the gas pressure would
build up to its peak value by the time the blast pressure decreased to that
value, as shown in Figures 2 and 3 for the end wall and roof slab,
respectively.

Once the loadings were determined, a single-degree-of-freedom (SDOF)
model was used to analyze each element. The end wall is supported at the
roof and floor and another support is provided by the collar (Figure 1) 3 ft
above the floor. This collar represents the roof of the remainder of the
building which would be at a lower height. The maintenance bay is taller to
provide room for overhead cranes. The end wall was analyzed as a one-way slab
spanning between the floor and the collar. The roof slab was analyzed as a

two-way slab. The same general procedure was used to analyze the end wall and
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LI roof slab. References 5 and 6 were used in this analysis.

L Once the structural elements were properly designed to provide flex-
ural and shear resistance, a layer of reinforcement steel was provided at the
center of the roof, walls, and floor to carry the net tensile forces generated
by the internal explosion. Details of the design calculations are given in
Reference 1.

Test Structure

The one-quarter scale model structure is shown in Figure 1. The walls,
roof, and floor of this structure are 9 in. thick and contain three layers of
reinforcement in each direction. Reinforcement steel ratios for the struc-
tural elements are shown in Table 1, &and reinforcement steel placement is
shown in Figure 4. Also summarized in Table 1 are the shear steel ratios in
each structural element. Since the structure was subjected to an internal
detonation, the corners were designed to resist an opening moment. The diag-
onal bars shown in Figure 4, sheet 6, were designed to increase the opening
' moment capacity of the corner between the floor and the wall slab. Similar
:i bars were provided at wall-to-wall corners and wall-to-roof corners.

Test Descriptions

b Two HE tests and three static pressure tests were conducted on this
model structure. The test configuration and instrumentation layout for the i
{7; first HE test a.e shown in Figure 5. The inside surfaces of the structure

were coated with a polyurethane sealant following Test 1 and prior to Test 2.

The test layout for Test 2 was the same as for Test 1 except that the charge

1033

was placed opposite the center of the length of the back wall instead of in %

the corner. :
Static air pressure tests were conducted before HE Test 1, after HE

Test 1, and after application of the polyurethane sealint. Air was pumped .

into the structure until a2 pressure of 10 psi was recached inside. The pres- i

sure was then monitored as the air leaked out to obtain a record of the leak- E

age rate at a reference static pressure of 10 psi. This helped to evaluate ;

the amount of structural damage from HE Test 1. %

Test Results 5

In HE Test 1, there was very little damage to the maintenance bay model. “

There was a small crack on the top of the roof near the center of the short t
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span and running in the long-span direction. On the inside of the structure,

the cold joint between each of the four walls and the roof had opened slightly;
however, no crack could be seen at the cold joint from the outside of the
structure.

Two blast pressure gages were placed on the floor of the model to moni-
tor the gas pressure buildup. One gage registered a peak gas pressure of ap-
proximately 37 psi and the other about 39 psi. These values compare well with
the predicted gas pressure of 41 psi for a 4~1b TNT charge in this volume. A
Bourdon gage mounted to the door of the structure was used to monitor very
late time pressure inside the structure after the test. Approximately 2 min-
utes after the test, the pressure in the structure was about 2 psi on the
Bourdon gage. Calculations indicate that the heat in the air will be ab-
sorbed by the concrete quickly enough to cause this decrease in pressure in
a time reasonably near 2 minutes.

Static air pressure tests were conducted before and after HE Test 1.
Figure 6 shows soap bubbles caused by escaping air during the pressure test
after HE Test 1. These bubbles highlight extremely small (barely visible)
cracks which extended through the roof of the structure. The large crack
near the center of the roef did not leak because it did not extend through
the thickness of the roof. Results of static air pressure tests before and
after HE Test 1 are shcwn in Figure 7. These tests indicate that the struc-
ture was not airtight even before testing and that damage sustained by the
structure during the detonation approximately doubled the ieakage rate.

A polyurethane sealant was applied to the inside surfaces of the struc-
ture in an attempt to make the structure airtight. Figure 7 shows the results
of the air pressure test after application of the sealant. Although the seal-
ant did not stop the leakage, it did significantly decrease the rate.

A second HE test was coanducted on the model after application of the
sealant. During HE Test 2, escaping gas was heard and smoke was observed
escaping from the structure along the joint between the back wall and the roof
slab. This area was the most severely damaged area of the structure. The
sand backfill above this area was blown away and pieces of concrete were ftound
behind the structure. Damzge to the joint between the back wall and roof is

shown in Figure 8.
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Figure 9 is a photograph of the damaged joint taken from inside the

':{éﬂ; structure. As shown in Figure 9, the 90-degree beads at the bottoms of many
of the stirrups in the roof slab were straightened out. Figure 9 also shows
the inside surface of the sealant, which was charred.

No. 3 diagonal bars were located along the joints between the walls and

roof slab on a 7-in. spacing. These bars were provided to prevent the joints

Phdredrs
4 - -

NARESAS 2

from opening during the test. The placement of these bars is similar to the
placement of the bars between the walls and floor slab, as shown in Figure 4.
Twenty-two of the diagonal bars in the joint between the back wall and the
roof slab failed during the test. The inside of the cold joint between the

roof slab and each of the walls was opened by the internal pressure. The
permanent deflection of the center of the roof was 8.25 in. There was no
damage to the floor slab or the portion of the wall beneath the collar.

Blast pressure gages indicated a rise to an initial gas pressure of
approximately 45 psi and most of the gages indicated that the pressure was
beginning to rise significantly between 1 and 1.5 seconds. These records in-
dicate that the maximum gas pressure inside the room was approximately 150 psi.
Burning of the sealant apparently caused an immediate increase in gas pressure

above that caused by the HE, and the gas pressure gradually increased as more

A\ vV of the sealant burned. The failure seems to have occurred late in time when
ﬁai the pressure was much higher than the 46-psi design pressure.
; Conclusions
- These tests indicate that the maintenance bay can withstand an internal
I. detonation of 256 1b of TNT with only minor damage. A polyurethane sealant
' applied to the insidc of the structure did a gocd job of sealing it; however,
the sealant burned, causing an increase in gas pressure resulting in a fail-

ure of the corner between the roof slab and the back wall. The tests demon-

strated the need for minimizing the amount of combustible materials in a con-
; tainment facility. The corner detail could be modified so that .he corner
:i strength more nearly matches the roof slab strength i+ providi an &-lded factor
ji of safety in the design.
i:
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Table 1

Steel Ratios in Maintenance Bay Model

Type of Steel

Direction

Location

Walls*

Floor

Reinforcing
bars

Stirrups

Inside face
Center

Outside face

Inside face
Center

Qutside face

Near supports

Near center

0.0038
0.0038
0.0038

0.0017
0.0038
0.0017

0.00590
0.0040

0.0038
0.0069
0.0069

.0038
0.0069
.0069

0.0040
.0020

Note:

Ratios are based on an effective depth of 8.31 inches.

#* Excludes area near the door.

...............
.............
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Figure 2. Pressure-time history on end wall of maintenance bay
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Figure 3. Pressure-time history on roof of maintenance bay
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NOTES ABBREVIATIONS
1. UNLESS OTHERWISE NOTED. TOLERANCE ON ALL DIMENSIONS STATED IN —_—
FEET IS + 1/4”; OIMENSIONS STATED IN INCHES IS + 1/8" H = HORIZONTAL
2. CONCRETE CYLINDER IS 6" DIAM x 12" HT AT 28 DAYS STRENGTH, Fj. > V- VERTICAL
et e
3. ALL STEEL WIRES AND REBARS WILL BE ASTM A 615-68, GR 60, YIELD ye TOP
STRENGTH, Fy, > 60.000 PSI; ULTIMATE STRENGTH, Fu, > 72,000 PSI 8 - BOTTOM
UNLESS NOTED OTHERWISE. EF * EACH FACE
4. CONCRETE COVER FOR PRINCIPAL REINFOPZEMENT IS 1/2” EW 7 EACH WAY
5. DIMENSIONS GIVEN ARE OUT YO OUTSIDE OF SURFACES. INT = INTERIOR
6. LAP SPLICES OF REINFORCEMENT AND STEEL WIRE SHALL BE MADE ONLY EXT ~ EXTERIOR
AS REQUIRED USING CLASS C SPLICE. TYP = TYPICAL
MIN LENGTH TENSION COMPRESSION C/C = CENTER TO CENTER
NO. 4 21" 6"
NO. 3 18 12"
NO. 2 12" 9
0.196" DIAM 9" 6"

Figure 4. Detailed design drawings of maintenance
bay model (Sheet 1 of G)
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and wall detail (Sheet 6 of 6)

Elevation view, typical intersecting floor slab

Figure &4.
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Figure 7. Maintenance bay static pressure test results
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Bubbles from soapy water revealed cracks in roof after Test 1
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FRAGMENT HAZARD INVESTIGATION PROGRAM
QD CRITERIA FOR 155MM PROJECTILES
W. D. Smith
Naval Surface Weapons Center

Dahlgren, Virginia

INTRODUCTION

The Department of Defense Explosives Safety Board (DDESB) is conducting
a continuing program to evaluate the fragment hazards produced by the acci-
dental detonation of stored munitions. In support of this effort, the Naval
Surface Weapons Center was funded to conduct the Fragment Hazard Investigation
Program. The purpose of the program is to provide the DDESB with fragmenta-
tion data to improve or to substantiate the quantity-distance (QD) standards
for the safe and efficient storage of stacked munitions. The current program
uses near-field fragment characterization data in conjunction with far-field
collection data to predict far-field fragment density. The ultimate goal is
to provide a methodology for the determination of QD standards for all hazard
classifications. The hazard classification under investigation in this paper
is the Mass-Detonating Hazard Materials (Class 1, Division 1).

The major effort of this program to date has been focused on the mass-
detonating Army M107 155mm (TNT loaded) projectile. Close-in arena and far-
field collection tests of various projectile and pallet stacking configura-
tions have been conducted concurrent with supporting analytical studies.
Fragmentation data were generated on projectile clusters which simultaneously
detonate! 2 and on those which detonate by means of natural communication.?
Far-field collection tests were conducted on 1arge stacks (up to 36 pallets)
of projectiles at the White Sands Missile Range." A methodology was developed
based on the entire set of test data which accurately predicted the total far-
field fragment density. However, the assumptions used to develop the method- -
ology were found to 1imit its usefulness in calculating the hazardous portion

1Ramsey, R. T., et al, "Fragment Hazard Investigation Program", Minutes of
18th DOD explosives Safety Board Seminar, September 1978,

2Ramsey, R. T., et al, "Fragment Hazard Investigation Program", NSWC Technical
Report, TR-3664, October 1978.

3Powell, J. G., et al, "Fragment Hazard Investigation Program (Large-Scale
Detonation Tests", Minutes of 19th DOD Explosives Safety Board Seminar,
September 1980.

“Powell, J. G., et al, "Fragment Hazard Investigation Program Natural Communi-

cation Detonation of 155mm Projectiles", NSWC Technical Report TR 81-54, July
1981.
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of the far-field distribution. This limitation was overcome by the develop- v:ﬁ
ment of a fragmentation computer model’ which uses the fragmentation charac-
teristics obtained from arena tests to predict far-field fragment hazards.

This paper presents the results of the test and analysis effort accom-
plished to validate the computer model for pallets of 155mm projectiles.

MODEL VALIDATION
Test Program

Review of the fragmentationdata developed on single pallets of projec~
tiles and the large-scale multiple pallet detonation tests conducted at WSMR
indicated that add’tional small-scale fragmentation arenas were required.
These tests consisted of the detonation by means of natural communication of
two pallets of projectiles. The projectiles were positioned horizontally as
shown in Figure 1. The velocity and presented area of all fragments weighing
more than 300 grains were obtained between polar angles 0°-110°,

Prediction of Far-Field Fragment Density

The computer model and the two pallet tests data were used to generate
predictions of the total far-field fragment density for the 16 pallet and 36
pallet stack configurations tested at WSMR. Figures 2 and 3 present a com- .
parison of the minimum and maximum fragment density predicted by the model e
(20 replications) and the test data for three 10° collection zones. The |
plots show that the model adequately bounds the test data for both stack
configurations. This indicates that the model and the small-scale arena data
can be used to generateQD criteria for stacks of 155mm projectiles.

QD CRITERIA

The computer model calculates the QD curve based upon hazard criteria
provided as input.® The curve is presented as the number of projectiles
required in the stack face to just exceed the established criteria. Figure 4
presents the QD curve for 155mm projectiles usina the current DDESB definition
of one hazardous fragment (kinetic energy = 58 ft 1b) per 600 sq ft. Shown
for comparison is the current Class 1 Division 1 QD criteria (40 NE§3) for the
16 pallet and 36 pallet tests at WSMR. It can be seen that the computer model
indicates that the current criteria underestimates the fragment hazard for
munitions stored in the open.

SMcCleskey, F. R., "Fragmentation Hazard Computer Model", Minutes of 21st DOD
Explosives Safety Board Seminar, August 1984.
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Figure 1

Two Pallet Test Counfiguration For Small-Scale Fragmentation Arenas
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: The results of this study indicate the that the computer model is an .
D CHE accurate, flexible method of determining the fragment hazards for stacks of :
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FRAGMENTATION HAZARD
COMPUTER MODEL
BY
FRANK MCCLESKEY
Naval Surface Weapons Center
Dahlgren, Virginia 22448
Autovor 249-8836
Commercial 703-663-8836
This model provides a method for establishing the fragment hazard produced
by the mass-detonation of ammunition stacks stored in the open. Fragmentation
characteristics used as input to the model are derived from small-scale arena
tests. In the case of 155mm projectiles, for example, the smali-scale test

may consist of one or more pallets positioned and detonated to yield a represen-
tative samplie of an entire stack.

Hazardous fragmentation is defined by the Explosive Saféty Board as follows:
1. Fragment kinetic energy of at least 58 ft-1bs.

f e e
o, yuts tvaty s

2. Hazardous fragment density of at least one fragment per 600 square

- ‘x;- feet.

3 The hazardous fragment density criterion is equivalent to a hit probability
:2% of .01 given that the presented area of a man is six square feet.

ﬂ?_ Q;S The unique feature of the model lies in the fact fhat a complete trajectory
A - is calculated for each fragment recovered in the small-scale arena tests. This
~ R procedure requires a great amount of calculations which are made practical by
iy o modern high speed computers.

Lo SR -,

] g Past tests have demonstrated that virtually all the fragmentation going

down-range is produced by the ordnance (projectiles, bombs, etc.) on the face
o of the stack pointing toward the target area. Fragmentation from the ordnance
) in the interior of the stack is, for the most part, contained within the stack.

- When a stack is detonated, fragment jets are produced between adjacent items on
- the face of the stack. The width of the jet is dependent on the method of stack
- initiation. When all units are detonated simultaneously, the jet is typically
10 degrees wide. If only one or two donor units are initially detonated, the

jet width is more typically 20 degrees. Stack detonation by donor units is
called natural communication and all current testing uses this technique.

Te TesTs
M « &t »

P

DR R R TR ¥

I So e s
Acge ot P

The jets produced between adjacent units are called interaction areas. The
greatest fragment densities and highest velocities are produced within the inter-
action areas. For safety purposes, the fragmentation characteristics of the
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interaction areas are used for input to the computer model. The interaction
areas overlap at relatively short distances down-range and their effects can
t:er:fore be added to represent the cumulative effect of large ammunition
stacks.

Figure 1 shows the essential elements of the model. Since interaction
areas overlap at relatively short distances down-range, all fragments are
assumed to emanate from a vertical line at the center of the stack. The
height of the vertical line is made consistent with the typical stack height
of the ordnance under consideration. The height at which an individual
fragment originates is randomly selected within the program., A pie-shaped
sector is used to simulate the down-range hazard volume. A hazardous fragment
is only of concern when its trajectory lies within this pie-shaped hazard
volume. The height of the sector is equal to the height of the man selected.
The angular width of the sector is 10 degrees. This value has been selected
to match the 10 degree sector width used in the fragment pickup from full-
scale tests. In this way, one can compare the pro?ram predictions with
actual test data to gauge the validity of the simulation model. The sector
is divided into 100 feet segments from O to 4800 feet. A1l calculations
of fragment numbers, fragment density, etc. are made in terms of these 100-
feet segments. Later in the simulation, the results in each 100-feet segment
may be combined to yield results for 200, 300 and 400 feet increments. This
helps to produce smooth curves for final plotting. If results are plotted
every 100 feet, a pronounced saw-toothed plet is usually produced.

Figure 2 shows a more detailed picture of a fragment trajectory. Wind is
included as a two dimensional velocity vector having both a range and cross-
range component. There is no vertical component to the wind vector. The wind,
therfore, is always contained in a horizontal plane. The vertical position for
the origin of the fragment trajectory is selected randomly from a range of
heights typical of the stack heights for the ordnance under consideration. The

AN IR AR DRAL LA B B Sy A R B Y 1O PR TR L R T L Rl s

trajectory is calculated using a fourth-order Runge-Kutta routine. Calculations
are made in three dimensions with the effects of wind included. The Runge-Kutta

routine requires initial conditions for fragment veleocity and elevation angle
which are obtained from fragment arena tests. Each point in the trajectory is

calculated from the conditions existing at the previous point. The calculations

continue until impact; at which time, the impact velocity and angle are deter-
mined. The impact velocity, together with the known fragment mass, are used to
determine the kinetic energy. The impact kinetic energy is compared with a
kinetic energy criterion to determine whether the fragment is hazardous. The
impact angle is used in subsequent density and probability of hit calculations.
Range, cross-range and distance are computed for hazard distance calculations.
Currently, the initial fragment velocity vector is constrained to the vertical
XY plane. However, since the model uses a true three dimensinal routine, there
is complete three dimensional freedom for establishing initial conditions.
Trajectory calculations are made for each fragment recovered in the small-scale

test.

A tailwind has three effects on hazard conditions--all bad. First, a tail-
wind will increase the range of the fragments. Second, it will increase the
impact velocity of the fragments thereby increasing their lethality. Third, a
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tailwind will decrease the angle of impact thereby increasing the presented area

of the man which increases the probability of hit. The increased range due to

a tailwind is approximately equal to the time of flight multiplied by the wind

speed. In the far range where the time of flight is approximately 10 seconds,

;Ogallwlnd speed of 50 feet per second will result in a range increase of about
eet.

Figure 3 shows the two types of trajectories considered in the modei. The
normal, or non-ricochet, trajectory has been considered above. The ricochet
trajectory is a more recent addition to the model. It is based on experiments
conducted by BRL, Aberdeen in the late 1960‘'s (reference 1). In both types
of trajectories, the points at which the fragment enters and leaves the hazard
volume are accurately calculated. This permits the hazard to be definitely
associated with the proper distance increment. When a fragment impacts the
ground, its impact angle is compared with a critical ricochet angle to deter-
mine whether the fragment will ricochet. The critical ricochet angle is
dependent on the type of soil. Once it is determined that the fragment will
ricochet, the ricochet angle and velocity are determined from the incident
angle and velocity together with the effect of the soil type. Since all the
dynamic characteristics of the fragment are known at each point calculated in
the Runge-Kutta routine, 211 fragment hazard characteristics can be calculated
at each point. When more than one point is contained in a distance increment,
:verages are used to determine the hazard characteristics for the distance

ncrement.

Figure 4 shows how hazard density and hazard probability of hit are
calculated. Since the trajectories are calculated point by point, the distance
PR increment of the hazard volume through which the fragment passes can be deter-
RSN mined. The fragment mass and velocity are known at each point and, therefore,

. it can be determined whether the fragment possesses sufficient kinetic energy
to exceed the hazardous kinetic energy criterion. After the fragment has been
determined to be hazardous, the presented areas of the man and of the total
volume of the distance increment can be calculated in the plane perpendicular
to the fragment trajectory. This can be done because the trajectory angle

with respects to the horizontal plane is calculated at each point along the
trajectory. Once the presented areas of the man and of the total volume of the.
distance increment are known, the density and probability of hit can be cailcu-
lated using the formulas shown on Figure 4. The number of hazardous fragments
(N;) is based on the data from arena tests using appropriate scaling techniques.
Nofe that the man is depicted as a rectangular parallelepiped.

The model is run as a Monte Carlo program. Simply stated, this means that
the values for certain variables are randomly selected for each trajectory
calculation. The five variables which are randomly selected are:

-l
®

Height of the .trajectory origin
Initial fragment velocity
Initial fragment elevation angle

Drag coefficient

o H W N

Soil constant for ricochet

-------
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The random values are selected within the known or assumed ranges of
uncertainty for sach variable. Once the appropriate values have been selected
for the variables, trajectories are calculated for the entire set of fragments
. recovered from the small-scale arena test. The entire procedure is repeated
X (replicated) using different random values for the variables. In effect, each

R replication is a simulation of a full-scale test. The values of the output
N variables vary from replication to replication because of the random values
; . used for the 1nput variables for each replication. During each replication,
o \ datz are saved for hazard calculations as a function of distance {ncrements.
. In the program, 100 feet distance increments are used. Sufficient replications
S are made to permit density and probability of hit to settle near stabie averages.
g 3 Once these near stable averages are obtained, the number of rounds needed to
X Just exceed the density and probability of hit criteria ave calculated as a
. 2 function of distance increment. These are the final data to be used in
o : establishing the fragment hazard posed by the ammunition under consideration.
- The model includes methods for presenting the data at 100, 200, 300 and 400
-8 = feet distance increments. One of these increments will usuually produce rela-
o . tively smooth data for plotting. With a 100 feet increment, the final data

8 are usually quite saw-toothed. Since the model includes the effects of wind,

the program can be run at various wind speeds, and the effect of wind noted.

-
P
r

e

-

Land

MR AN
'y

W ¢ Table 1 shows typical fragmentation input data. Each fragment recovered
' from the arena test has its own set of data. Usually all fragments less than
O L 300 grains are eliminated. The small fragments are of little concern for the
2 . far ranges which are of most importance in establishing fragment hazards. The
N A recovery polar zone is listed for each fragment. In the program, an angle is
B 3 randomly selected between the polar zone limits to establish a distinct eleva-
~ tion angle for the fragment. The fragment weight is an exact number for each R
. fragment and is not randomized. The initial velocity is an average for the <7
S polar zone in question. A random velocity about the average is picked to
" R account for the uncertainty in velocity measurement. The A/M (average presented
By Y area to mass ratio) is an exact number for each fragment. This quantity enters
v . the drag calculations. The area ratio (maximum to minimum fragment presented
N 5 area) is used to establish the subsonic drag coefficient. The use of this
ratio eliminates about one quarter of the uncertainty associfated with the sub-
2 sonic drag coefficient. Transonic and supersonic drag coefficients are esta-
o . blished form the subsonic drag coefficient.

There are two basic outputs: Number of Final Ground Impacts versus Distance
Increment and Hazard Distance versus Number of Rounds.

Table 2 shows the Number of Final Groud Impacts versus Distance Increment.
Values for the minimum, average and maximum number of fragments are shown for
each distance increment. The data apply to a 10 degree azimuth sector which is
often used in the fragment pickup from full-scale tests. The data in Table 2
are used to compare the predicted and actual number of fragments picked up in
the full-scale tests. This provides a check on the validity of the model.

Each replication of the program will usually produce a different number of
final ground impacts. After all replications are completed, the minimum,
average and maximum numbers can be determined.
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et Table 3 shows the final output used to establish the hazard curves. The
FEERENGN example shows a distance increment of 200 feet. The hazard distances are
TN selected at the midpoints of the hazard increments so that the data are ready
for plotting. Mirimum, 90th percentile, average and maximum number of units
required are shown. These numbers represent the required number of projectiles
needed to just ex- 3 hazard density of one fragment per 600 square feet.
The Explosive Safe wvd currently specifies the use of 90th percentile
quantities for ha: - .urves. The 999999 entries indicate that there were no
hazardaus fragments in the distance increment. The Fewer the number of pro-
Jectites required, the more hazardous the condition. A similar table is also
output for the hazardous probability of hit criterion.

Figure 5 shows an example plot of the final data for use in a safety
manual. Note the steep rise and subsequent asymtotic behavior. Unlike hazardous
blast radii, the fragmentation hazardous distance has an upper bound. This '
upper bound is equal to maximum fragment range obtained in the series of repli-
cations. No matter how many projectiles are onthe face of the stack, the maximum
range of the fragments constrains the upper bound.

The computer model provides a flexible tool for predicting the fragment
hazards of open storage ammunition. Unlike analytical approaches, the Monte
Carlo technique has the inherent capability of considering the multidimensional
problem posed by fragmentation hazards. Future considerations are also more
easily incorporated in a Monte Carlo model. In summary, the essential character-
stics of the model are as follows:

. R - Individual 3-D fragment trajectories
'7;f Q{SE; - 2-0 wind (horizontal plane)
- - 4th order Runge-Kutta trajectory calculations
- Incorporates a 3-D man
- Can use different hazard criteria
- Air density and sound speed a function of altitude
- Drag coefficient a function of the maximum to minimum fragment
area ratio
- Predicts distribution of final impacts in the ground plane
- Predicts hazard distance curves for:
Hazard density criterion

Hazard probability of hit criterion

- Includes fragment ricochet

LT
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"BLAST AND FRAGMENT LOADING ON CONTAINMENT STRUCTURES"
- A MANUAL OVERVIEW

I
:ﬁ 9 By
\.3 d
- 3
N
- N M. G. Whitney
N - G, J. Friesenhahn
N L
o ol Southwest Research Institute
N o San Antonio, Texas
i
I R
£ 8
pe: e - ABSTRACT
-.": .. .
x ‘ A manual was prepared to aid the government in desigaing an explosion
" {’:Q containment structure (ECS) to be used for the demilitarization of chemical
535 -~§: L munitions. O